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avoids intolerance in PAS therapy 
including nausea, dizziness, gastric 
upset and other undesirable side 
effects; 


ini. is more uniformly absorbed and less 
peutically effective blood levels 

(over 1 mg. percent) over longer 

periods of time, thereby reducing 

the total dosage or increasing 


the intervals between medication, 


P-aminosalicylate blood level comparison. 
Clinical studies of Tubercular Patients. 


DOSAGE: One NEOPASALATE tablet supplies 
PAS ion equivalent to 500 mg. of Sodium 
para-aminosalicylate, 


By for the largest percentage of patients 

intolerant to other PAS products show no 

side effects or disruption of normal gastric 

pH ranges when receiving NEOPASALATE 

tablets. 

WRITE OR PHONE for samples, fitercture, 


Pharmaceyieil Manufacturers 
st. 18, MO. 
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Antituberculosis Agents 
Product Identification Chart 


TEEBACIN (NoPAS) 0.5 gm. 


id 


TEEBACIN (NaPAS) 1.0 gm. 


TEEBACIN (NoPAS) 
1.0 gm. Captabs 


TEEBACIN (NoPAS) 0.5 gm. 
Enteric Cooted 


TEEBACIN (NoPAS) 1.0 gm. 
nteric Coated 


TEEBACIN (NoPAS) 1.0 gm. 
Enteric Coated Captobs 


TEEBACIN ACID (PAS) 0.5 gm. 


TEEBACIN ACID (PAS) 0.5 gm. 
Enteric Cooted 


TEEBACIN ACID (PAS) 0.5 gm. 
Buffered 


TEEBACIN CALCIUM (CoPAS) 
0.5 gm. 


TEEBACIN CALCIUM (CoPAS) 
0.5 gm. Enteric Coated 


TEEBACIN (NaPAS) 0.69 gm. 


TEEBACIN KALIUM (KPAS) 
0.5 gm. 


TEEBACIN KALIUM (KPAS) 
1.0 gm. Captobs 


J 


ISOPACIN (0.5 gm. NoPAS+ 
INH 12.5 mg.) Soe Cooted 


| 
DI-ISOPACIN (0.75 gm. BUFFERED 
PAS+ INH mg. 
Double Strength Sugor Coated 


TEEBACONIN (INH) 100 mg. 


DOUBLE ISOPACIN (1.0 gm. NoPAS+ 
INH 25 mg. Double Strength) 
Sugor Coated Captobs 


TEEBACIN 


packette 


4.18 gm NaPAS (Eq 3 gm. PAS) or 
5.57 am. NaPAS (Eq 4 gm. PAS) 


TEEBACONIN (INH) 50 mg. 


Products Are Shown in Actual \ 
Size and Shape 

Plain compressed tablets of PAS 

and its salts are supplied pure 

white at the time of shipment. 

Assays and disintegration lab- 

oratory reports always available. 


TEEBACIN is a highly purified form of NaPAS. Typical analysis is 
100.28% anhydrous with a very low m-Aminophenol content (0.01% or less). 
All our Tuberculostatics are guaranteed to be of recent manufacture. 
Tolerance is superior. Literature, dosage chart and samples on request. 


Research Division of 


CONSOLIDATED MIDLAND CORPORATION, Katonah, N. Y. 
Specialists in Antituberculosis Agents 
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SIMPLICITY 


.../n the Administration of TB Drugs 


The Barnes-Hind armamentarium of tuberculosis medications provides a simple, 
effective, reliable method of providing patients with their correct daily dosages. 

This simplicity extends not only to the patient by decreasing the number of individual 
medicaments he must consume, but to the nurse and pharmacist as well, 

by reducing their compounding and administering schedules. 


PASNA Granules A specially coated tasteless granule of sodium aminosalicylate 
U.S.P. The granules are coated so that they will not dissolve in the mouth 

for 10 minutes, yet dissolve rapidly in the acid environment of the stomach. 
They are easy to take, minimize gastro-intestinal disturbance, and provide 

PAS blood levels equal to those achieved with solutions of PAS. 


PASCA Granules The calcium salt of aminosalicylic acid, Pasca Granules provide all 
the advantages of Pasna Granules for the patient who requires a sodium-free diet. 


PASNA TRI-PACK 300 and 600 Pasna Tri-Pack 300: Three packs per day 
supply 300 mg. isoniazid and 30 mg. pyridoxine HCI in 15 grams Pasna Granules. 
Pasna Tri-Pack 600, for the patient requiring high INH therapy: Three packs per day 
supply 600 mg. isoniazid and 60 mg. pyridoxine HCI in 15 grams Pasna Granules. 

All three drugs used in the treatment of TB are combined in one easy-to-take granule 
form ...so you are assured that the patient is receiving all prescribed drugs. 


NIADOX tablets The ideal companion product to supplement Pasna Tri-Pack 

for those patients on high INH therapy. Patients in this category are receiving 
from 8-20 mg. of INH per kilo of body weight; to overcome or prevent pyridoxine 
depletion, additional pyridoxine must be administered. 

Each tablet contains isoniazid, 100 mg., and pyridoxine HCl, 10 mg. 


THERAPAS For those patients who cannot normally tolerate PAS, 

Therapas provides an excellent source of PAS acid in that it rarely causes nausea, 

vomiting, or any other gastro-intestinai side effects. Therapas is a powder that mixes 

well with fruit juice, water, milk, or other drinks without changing their taste. 
Therapas (calcium 4-benzamidosalicylate) is the calcium salt of 

4-benzamidosalicylic acid (B-PAS). 


Detailed literature is available from the 


BARNES-HIND PASNA CO., 895 Kifer Road, Sunnyvale, California, 
or at the Barnes-Hind exhibits at this medical meeting: 
American College of Chest Physicians, New York, June 22-26. 
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Viomycin sulfate (viocin) is the crystalline salt of an 
antituberculous antibiotic derived from the actinomy- 
cete, Streptomyces puniceus. In patients resistant to 
routine agents, VIOCIN provides significant therapeutic 
effect, particularly in combination with other antituber- 
culous agents. VIOCIN protects against operative compli- 
cations and is apparently not cross-resistant with strep- 
tomycin or isoniazid. 

INDICATIONS: As an adjunct in the treatment of progres- 
sive exudative, hematogenous lesions and the pneumonic 
type of pulmonary tuberculosis; cutaneous tuberculous 
lesions and fistulas; tuberculous lymphadenitis; tracheo- 
bronchial and laryngeal tuberculosis; alimentary, perito- 
neal, genitourinary, meningeal, miliary, and bone and 
joint tuberculosis; and postoperatively in thoracic sur- 
gery on tuberculous patients. It is useful prophylactically 
in operations such as lobectomy and pneumonectomy 
for pulmonary tuberculosis. 


ADMINISTRATION AND DOSAGE: VIOCIN should be adminis- 
tered by deep intramuscular injection, preferably into the 
gluteal, thigh, or deltoid muscles. The dosage employed 
for most forms of tuberculosis is 2 Gm. (given in two 
doses of 1 Gm. each, 12 hours apart) every third day, 
usually in combination with PAS (12 Gm. daily by the 
oral route). Therapy should be continued for at least 
four to six months. Daily administration of viocin 
should never exceed 2 Gm. and should never be given 
continuously for more than one month. 


sipe EFFECTS: The toxicity of viocin is related chiefly 
to dosage. When recommended dosages are used. toxic 


reactions are unlikely to occur with any degree of fre- 
quency or severity. They may occur in occasional indi- 
viduals, however, and the following reactions should 
be watched for in all patients receiving the drug: renal 
irritation, disturbances of the eighth cranial nerve, 
allergic reactions and eosinophilia, electrocardiographic 
abnormalities, edema and fluid retention, and disturb- 
ances in the serum electrolyte pattern. 


PRECAUTIONS AND CONTRAINDICATIONS: VIOCIN should be 
used under the close supervision of the physician, and 
should not be used when routine measures (as in mini- 
mal or primary pulmonary tuberculosis) or other drug 
therapy (streptomycin, isoniazid, PAS, either singly or 
in combination) would be effective. Like other anti- 
tuberculous agents, vIOcIN is of relatively little value in 
the therapy of extensive caseous or fibrotic lesions. 
Patients with impaired renal function should receive 
lower dosages and be carefully watched for signs of 
toxicity. The similar nature of the toxic manifestations 
of streptomycin and VIOCIN suggests that these two drugs 
should not be used concomitantly except when the poten- 
tialities of other drug combinations have been exhausted. 
They should not be used on the same day, and the higher 
dosage ranges should be avoided. 


suPPuiep: In vials containing the equivalent of 1 Gm. 
or 5 Gm. viomycin as the sulfate. Diluent to be added. 
More detailed professional information available on 
request. 

1. Davey, W. N.: GP 19:107, No. 1, 1959. 
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THE “PERCENTAGES” 
IN SEAMANSHIP 


If sailors played percentages, very 
few would carry life preservers. A 
good sailor doesn’t expect to come back 
wet. But as long as there is the 
possibility of a man overboard, the 
seaworthy skipper takes extra 
? precaution to minimize the risk. 
As a matter of fact, coast 
) guard regulations require one 
life preserver for each 
person on board a pleasure 
craft — just to be safe. 


The “percentages” 
in PAS 


If doctors played percentages, there 
would be very little concern over 
para-aminosalicylic acid and its salts. 
PAS has been used successfully for 
many years as standard tuberculosis 
therapy. But doctors recognize that 
side effects, traceable to the aging of 
the drug, have sometimes limited its 
usefulness. So to minimize the risk of 
side effects, more and more buyers 
are today specifying domestically 
produced MILES PAS with its Certified 
Assay. The actual assay is made just 
prior to shipment, and its date and 
Seal of Surety assure you that 

the product meets or exceeds USP 
specifications at the time of shipment. 
Your tableter can provide this signed 
certificate. Ask for it — just to be safe. 


Miles Chemical Company 
Division of Miles Laboratories, Inc. 
Elkhart, Indiana « Phone COngress 4-3111 
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ALEVAIRE 


inhalation therapy 
WETS, THINS, LOOSENS PULMONARY SECRETIONS 


Voy ubiful W...]... BRONCHITIS 


BRONCHIAL ASTHMA 
BRONCHIECTASIS 
PERTUSSIS 

CROUP 


Alevaire is administered by means of a nebulizer operated with 
an air compressor or oxygen. 

Supplied in bottles of 60 cc. for intermittent and 500 cc. 

for continuous nebulization. 


LABORATORIES 
NEW YORK 


Alevoire, trodemork reg. U.S. Pot. OFF. 
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Nw 
ARTERIAL GRAFTS 


Pilling now offers woven or knitted artificial prostheses which give increased 
control of porosity. The new knitted grafts are of finer material and knit 
tighter than those previously produced. Developed by Michael E. DeBakey, 
M.D., of Houston, Texas, these crimped Dacron® grafts are manufac- 
tured in many lengths and diameters—in bifurcated or straight style. 


For complete information about sizes and prices, write for Pilling’s 


1961 THORACIC, CARDIAC AND CARDIOVASCULAR INSTRUMENTS CATALOG. 


GEORGE P. Prune & SON CO. 


3451 Walnut Street + Philadelphia 
Other Offices: New York, N.Y. +» Columbus, Ohio - Atlanta, Ga. - Los Angeles, Calif. 
CABLE ADDRESS: Surgical — Phila. 
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for more perfect 
intermittent 
positive pressure 


breathing 


the easy-to-use 
chonaghan 


ventalung 


The Monaghan Ventalung leads the way 
to recovery from lung diseases because 
it provides regular, dependable intermit- 
tent positive pressure breathing with 
practically no patient effort while it 
mixes any amount of oxygen (from 40°, 
to 100°) with inspired air. 


Your patient is comfortable and content 
in hospital, doctor’s office, or home. 
Useful in many locations throughout the 
hospital, the Ventalung provides inter- 
mittent or constant nebulization, oper- 
ates from either a piped system or a gas 
cylinder with equal simplicity and ease. 
It is also equipped for either push-button 
or automatic resuscitation. 


When your patient stands in need of intermittent 
positive pressure breathing for faster recovery, 
think first of the best... Monaghan. 


For details write Monaghan 
500 ALCOTT STREET + DENVER 4, COLORADO 
for the name of your nearest representative or dealer. 
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WORLD-WIDE SURVEY 


OF PRESENT DAY BRONCHOGRAPHY* 
clearly shows 


DIONOSIL 


widely used, emphatically preferred 


Fifty-seven specialists in thoracic medicine and surgery, mostly in the United 
States but some practicing in Europe, Canada, South America and Japan, 
replied to a questionnaire sent out by the Committee on Bronchoesophagoscopy 
of the American College of Chest Physicians. 


The results have been analyzed and published. 

Of these 57 specialists, no fewer than 47 used Dionosil. 
Many used Dionosil exclusively, and emphatically preferred it. Particularly 
praised was Dionosil Oily, described as “certainly the favorite preparation at 
the present time”. 

The survey showed that: 
@ Bronchography is increasingly used to elucidate lung conditions other 
than bronchiectasis. 
@ Use of Dionosil instead of iodized oil eliminates risk of iodine sensitivity. 
@ With Dionosil alveolar filling is quite unusual. 
@ Complications are rare with Dionosil. 
* Diseases of the Chest, (1958), 33, 251 


is available as oily or aqueous suspensions of propyliodone, 
in 20 cc vials and in 100 cc bottles 


Dionosil is a product of GLAXO Laboratories, Ltd., Greenford, England, 
distributed in U.S.A. by 


PICKER X-RAY CORPORATION 
25 South Broadway, White Plains, N.Y. 
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New and improved. 
Extremely sturdy cloth, 
rubber impregnated, 
wedge-shaped bags. A 
metal bor is moulded 
across the upper end of 
the bog to provide 
greater rigidity and 
prevent the bag from 
collapsing and folding 
in the middle when por- 
tially full. Extremely gas 
tight. 


1A. 6016 


PLASTIC POLYVINYL 


TUBING, CORRUGATED 


Smooth inside provides minimal resistance to gos 
flow. Will outlast rubber many times. Highly flexible, 
no kinking. 1° 1.D. cuff diameter, available in 3 sizes: 
Length 60 mm (24”) with cuffs 
80 mm (32) with cuffs 


200 mm (80) with cuffs 


LA. 6019 


Smooth bore tubing, heavy wall, highest quolity. 


1” 1.0. Gastight 


1A. 6013 


$2.00 per ft. 
$5.50 per yd. 


Mouthpiece, pure latex rubber, flexible. Large bore 
25mm. |.D. Extremely low resistance. Can be auto- 


claved 


PARKINSON 
COWAN 
Gas Meters, Dry 

LA. 7600 

Portable Spirometer, 
Type “‘CD-1," low re- 
sistance, with rubber 
non-return valve, cali- 
broted in litres. 10 litres. 
per revolution, capacity 


$2.50 


6000 litres per hour. 
Resistance 401/min. 
0.4cm H2O 
Resistance 100L/min. 
1.2em H2O 
1A. 7601 
laboratory Test Meter 
(not illustrated) Type 
“CD-4," calibrated in 
litres or cubic feet. For 
MBC, extra low resist- 
ance. 1% accuracy 10 L 
per revolution with 
counter to 100L. Capac- 
ity 11,000L/hour. 
Resistance 1001 /min. 
0.4cm H2O 
Resistance 185L/min. 
1.2cmH2O $225.00 


BAGS AND GAS 
TRANSFER 


LA. 6009 
3-way Stopcock, alumi- 
num, large bore and 
large |.D., minimal dead 
space. A precision valve 
in every way. Easily dis- 
assembled for cl 


(Not illustrated) 2-woy 
Stopcock, same as 
above, but without mid- 
die port. Finely made. 
$29.50 


LA. 6009T 

(Not illustrated) Stand- 
ord 3-way Stopcock. 
Smoller and cruder than 


Grooved tabulation, 2° 
long tapered, 1°’ bore, 
highly polished, plated 
aluminum. No rough 
edges to impede flow of 
goses. $42.50 


1A. 6001 
2-WAY LOW 
RESISTANCE 


6009. Not piloted. Has 
Pinstop to indicate 
quvorter turn instead of 
being machined. Ade- 
quote where precision is 
not required. $25.00 


BREATHING VALVE 


1.D. 25mm with seporation in valve body to reduce 


dead space. 
Resistonce: 


0.8 em at 100 L/min 

1.9 em at 200 L/min 

4.1 cm at 300 L/min 
bled for cl 


7.6 cm at 400 L/min 
10.4 cm at 500 L/min 
14.7 cm at 600 L/min 
with lip to fasten 


Easily di 


to holder and ribbed end for tubing. 


1A. 6000 


$79.50 


SINGLE WAY LOW RESISTANCE 
BREATHING VALVE 


(not illustrated) 1.D. 25mm all aluminum, easily dis- 


Measured resistance: 


0.6 cm at 100 L/min 


1.4 em at 200 L/min 
3 cm at 300 L/min 


5.2 cm at 400 L/min 
8.3 cm at 500 L/min 


12.1 cm at 600 L/min $45.00 


Distributors of Laboratory 
and Scientific Specialties 
INSTRUMENTATION 


ASSOCIATES 


INC. 


17 West 60th Street New York 23, N. Y. 


12 
MANUAL VALVES @22) 
| “For DOUGLAS Pal 
7 
| i 
| 
90.00 
i 
| 
4 
| 
| 
| 
i : 
| 
jag 
3 
a 


ERRATUM 


In the April, 1961, issue of the Review (volume 83), two corrections should be noted 
for the “Third Aspen Conference on Emphysema.” In the summary of the article, “Air 
Pollution and Chronic Respiratory Disease,” by Stanley N. Rokaw, two references are 
made to “mean capillary oxygen pressure” on page 572. In both instances, this should 
have read “carbon dioxide tension.” Refer specifically to the first paragraph and to point 
3 in the third paragraph of this article. 
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EVALUATION OF TECHNIQUE AND RESULTS FOR OBTAINING 
SPUTUM FOR LUNG CARCINOMA SCREENING: ? 


A Study by Blind Technique 
LINDA LEILOP, MARTA GARRET, ano HAROLD A. LYONS 


(Received for publication December 30, 1960) 


INTRODUCTION 


There is no unanimity of opinion as yet re- 
garding the relative value of the methods used 
for the detection of lung cancer and application 
of such methods to an apparently healthy popu- 
lation except that, with any method, once 
symptoms are present, the diagnosis is usually 
late. Both roentgenographie screening and cyto- 
logic detection are methods currently employed. 
Thus, the problem is to find which of these meth- 
ods is the most valuable in revealing lung cancer 
in any early stage. This report is based upon 
data accumulated from a survey to assess the 
relative merits of symptoms, roentgenographic 
examinations of the chest, and cytologic studies 
of sputum for screening population groups for 
the early diagnosis of lung cancer. The practi- 
eality of the method, as applied to screening a 
large population, is also a major consideration. 

Patients who have suggestive symptoms are 
usually found to have advanced malignancy and, 
if not generalized metastasis, at least regional 
involvement. Weeks to several months elaspse 
from onset to development of sufficient symp- 
toms to cause the patient to seek medical advice. 
Again, the usual procedures of diagnosis for lung 
carcinoma make for further delay. A consider- 
able number of cases of cancer become unsuit- 
able for treatment because of the delays. The 
roentgenographic discovery of cancer in an 
asymptomatic stage has been shown to give the 


*From the Department of Medicine, Pulmonary 
Disease Division, State University of New York, 
Downstate Medical Center; and Kings County 
Hospital Center, Brooklyn, New York. 

* This study was supported by a grant-in-aid 
from the American Cancer Society. 


best prognosis after treatment (1). In Sweden 
an extensive chest roentgenographic study was 
arried out from 1949 to 1951 on a population 
of 423,000; 151 cases of lung carcinoma were 
diagnosed. Eighty-five patients were treated; 
some survived longer than six years. Those who 
were untreated died within one or two years. 
This study demonstrated that if a lung cancer 
is diagnosed and treated early there will be an 
improved survival rate. 

Opinions vary regarding roentgenographic ex- 
amination of the chest. On the one hand is the 
belief that metastases are already present when 
a suspicious roentgenographic shadow is seen. At 
the other extreme are those who are convinced 
that the majority of carcinomas, if found reason- 
ably early by roentgenography, are still localized 
and, therefore, still suitable for surgical treat- 
ment. 

The reason for such diverse opinions is the 
lack of information about the natural history 
of lung cancer; hence, studies of a large number 
of patients are required to substantiate the per- 
centage of each form to be established on roent- 
genography. Cytologic examination of sputum, 
when strict criteria are adhered to, has been 
shown to be of considerable value in the diag- 
nosis of pulmonary carcinoma. The procedure 
may reliably reveal lung cancer in the absence 
of a roentgenographic abnormality; this is the 
earliest clinical phase of the disease. 

In order to evaluate the merits of the cyto- 
logic examination as a screening method, a suc- 
cessful and simple technique is required to ob- 
tain sputum from subjects. This is especially 
true for the majority of healthy persons who 
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usually cannot produce sputum voluntarily, even 
after vigorous coughing. The method also must 
be practicable for application to a large number 
of persons. Fulfilling these requirements, a 
method using a warmed aerosolized solution of 
10 per cent saline and 15 per cent propylene gly- 
col was suggested by Bickerman and co-workers 
(2). The present study was designed to compare 
the efficiency of their technique for the produc- 
tion of sputum satisfactory for cytologic exami- 
nation when different solutions were employed. 
For this comparison, the saline-glycol mixture, 
tap water, and normal saline were used separ- 
ately for aerosolization. These agents were also 
compared with simple postural drainage. 


MATERIALS AND METHODS 


The technique for obtaining satisfactory speci- 
mens of sputum for cytologic examination is based 
on the following observations: 

(a) Hypertonic solutions in contact with the 
bronchial mucosa stimulate the secretion of 
sputum. 

(b) A warm solution reduces irritation pro- 
duced by hypertonicity. 

(c) The solution is best administered as an 
aerosol mist, the particles of which should be 1 
to 10 microns in size. This ensures a mist which 
on inhalation reaches the bronchioles 

(d) The addition of propylene glycol forms a 
stable and evenly distributed mist to the bron- 
chial mucosa 
The nebulizer designed by Bickerman and as- 

sociates*® was used in this study. It best fulfills 
the specifications listed above. The apparatus con- 
sists of a glass jar into which the solution to be 
aerosolized is placed. A screw top covers the jar. 
Running through this cover is a heater and ther- 
mostatic mechanism enclosed in a metal cylinder 
which dips into the solution and maintains it at 
a constant temperature (108° to 110°F.). An out- 
let for the aerosolized solution passes through this 
unit. The heater is supplied by an electrical supply 
The nebulizer intake connection is attached to a 
positive pressure pump or a tank of compressed 
gas (air or oxygen). After the solution becomes 
heated (within approximately ten minutes), the 
pump is started. A visible aerosol mist is soon 
emitted from the nebulizer. A pressure of 5 to 
10 ml. of water is usually adequate to obtain 
a thick mist. 

In the present study, the subject sat in a chair 
and the nebulizer was placed on a table at face 
level. The mouth was kept about one inch from the 
outlet tube, and breathing was done with an open 
mouth. Deep breaths were made every few min- 
utes. The sputum produced from this procedure 


* Manufactured by the O.E.M. Corporation, East 
Norwalk, Connecticut. 
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was then coughed directly into a sterile jar con- 
taining 70 per cent alcohol. The mist was inhaled 
for at least twenty minutes. 

Different solutions were used in the nebulizer 
to compare the effectiveness of each. For this 
purpose, a solution of glycol and saline, tap water, 
and normal saline were used. Postural drainage 
alone was also used to determine whether this 
method had any value or was superior to the 
aerosol technique. This procedure was carried out 
by having the patient hang over a bed with his 
head and thorax dependent and at an angle of 45° 
from the horizontal. This position was maintained 
as long as the patient could tolerate it. A maximal 
period of twenty minutes was usually attained. 

All sputum specimens were sent to the labora- 
tory within a few hours after collection. Whenever 
early delivery to the laboratory was not possible, 
the specimens were refrigerated until the delivery. 

A blind technique was used for this study. All 
of the specimens were submitted to the laboratory 
by number, without name, and without clinical 
data, in order to eliminate any possible bias in the 
cytologic interpretation. Some of the specimens 
were obtained from patients who had had pre- 
vious cytologic examinations and interpretations. 
No information was provided to the cytologist 
about the method or technique employed to obtain 
the specimen, and the cytologist was completely 
uninformed of the status of the patient from whom 
the specimen came. 


Five hundred specimens were obtained from 
205 patients by the methods described above. 
All of the subjects were either patients with var- 
ious pulmonary diseases or apparently healthy 
persons. For the majority of patients, more than 
one method was used, and the collections were 
made on the same day. Whenever postural drain- 
age was used it was usually the first procedure 
done. Specimens always were obtained a few 
hours after breakfast, but prior to lunch, in 
order to minimize contamination with food par- 
ticles from the mouth. The general attitude and 
cooperation of all subjects were reasonably good, 
and no complaints were registered. 

A routine Papanicolaou technique was used 
for the preparation and staining of smears. From 
each sputum specimen four slides were prepared. 
No centrifugation of sputum was necessary be- 
cause the quality of the specimens was com- 
parable to self-produced sputum. The original 
Papanicolaou classification was used for report- 
ing cytologic findings. In addition to Classes I 
through V, a “deferred” classification was used 
in cases in which marked cellular degeneration 
or unusual features of atypical cells precluded a 
definite cytologic evaluation. 
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SPUTUM STUDY IN 


REsuULTS 


With the different techniques, 500 specimens 
were obtained from 205 subjects, as shown in 
table 1. Ninety-six specimens came from ap- 
parently normal subjects, 349 from patients with 
various respiratory diseases, and 55 from pa- 
tients with suspected respiratory tract malig- 
nancies (table 2). All suspicious cases which 
were later proved to be nonmalignant were 
finally diagnosed and treated for other pulmo- 
nary disease. The over-all results indicate 
that satisfactory specimens for cytologic exam- 
ination can be obtained with all of these various 
techniques. 

The presence of alveolar phagocytes contain- 
ing anthracotic pigment in the smear was con- 
sidered a criterion for “satisfactory specimens,” 
as this was an indication that the material came 
from the lower respiratory tract. The best re- 
sults were obtained with the solution of glycol 
and saline used as aerosol inhalation. It was 
found that 88.3 per cent satisfactory specimens 
were obtained with this agent, whereas 66.6 per 
cent satisfactory specimens were obtained with 
self-produced sputum. With other agents, a def- 
initely poorer yield of specimens satisfactory for 
cytologic examination as compared with the 
glycol and saline solution method was obtained 
(table 3). During this study it was noticed that 
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several patients were unable to produce sputum 
spontaneously, but every patient produced spu- 
tum in sufficient quantity for cytologic examina- 
tion when the glycol and saline aerosol was used. 
It was subsequently shown that 22 specimens 
(from 9 patients) of the 55 specimens collected 
(from 21 patients) with suspected diagnoses of 
neoplasm of the respiratory tract were reported 
positive for neoplasm by cytology. These data 
are shown in table 2. Every positive diagnosis 
of cancer by cytologic examination was later 
confirmed by other means: lung biopsy, lung 
resection, carinal biopsy, scalene node biopsy, or 
autopsy. The relative efficiency of the various 
methods on diagnosis of malignancy is shown in 
table 4. No false positive results (Class IV or 
V) were obtained with sputum produced by 
propylene glycol and salt solution aerosol, saline 
aerosol, or spontaneous sputum. However, the 
sputum specimens which were obtained during 
or shortly after postural drainage, even those 
specimens obtained by other agents, gave false 
positive results. The cells simulating malignant 
cells possibly had their origin from inflamed 
mucosa of the upper respiratory tract. Thus, 
postural drainage as the sole method, or postural 
drainage used before any sputum collection, 
should be avoided. Using the glycol and saline 
aerosol method, the diagnosis of malignancy was 


TABLE 1 
DIFFERENT TECHNIQUES FOR OBTAINING SPUTUM FROM PATIENTS 
Method Used for Collection 


Sputum Soluti 


Solution® af- 
ter Postural 
| Drainage 


| 


Postural 


Drainage | Tap Water | 


Sputum 


Number of specimens 
Number of subjects 


4s 39 
22 30 


* Glycol and saline aerosol 


TABLE 2 
SpecIMENS FROM PATIENTS WITH VARIOUS PuLMONARY DISEASES AND NorMAL SuBJEcTS 
Method Used for Collection 


Type of Patients 


Apparently normal 
Various pulmonary diseases 
Suspected lung cancer 


Solution® | 
after 
Postural 

Drainage | 


19 
30 24 3 
5 5 4 


Postural 
Drainage | 


Sputum | Tap Water | Total 


* Glycol and saline aerosol 


4 

a 

q 
: 

i 

qe 

Beg 

‘ 

240 98 54 21 500 q 

147 S4 42 19 | 208 4 

Normal 

Norma 
35 13 6 96 hi 

174 76 14 349 4 
31 9 | 1 55 . 
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TABLE 3 
NUMBER AND PERCENTAGE OF SATISFACTORY SPECIMENS FoR CyTOLOGIC EVALUATION 


Method Used for Collection 


240 
212 


Number of specimens 

Number of satisfactory 
specimens 

Number of unsatisfactory 28 
specimens 

Percentage of satisfactory 
specimens 


88.3 


* Glycol and saline aerosol 


made on 6 of the 9 specimens collected on the 
first use of the method. Two more positive di- 
agnoses were obtained by a second collection for 
examination. In these 2 instances, the first 
specimens had been reported as “classification 
deferred,” which required another specimen for 
diagnosis. Diagnosis was not obtained in one 
other patient until a third specimen was ex- 
amined. The use of normal saline aerosol pro- 
duced only one of five positive reports with the 
first specimen collection. Postural drainage and 
use of the glycol and saline aerosol after postural 
drainage also gave excellent diagnostic results 
on the first specimens, but because of the oc- 
currence of false positive reports, as mentioned 
above, this method was discontinued. 


Discussion 


All of the agents described above can be used 
for the heated aerosol technique to obtain spu- 
tum specimens. However, artifically induced spu- 
tum using propylene glycol and hypertonic salt 
solution aerosol as the agent appears to be 


Postural 
Drainage | 


Postural Sputum | Tap Water 


Drainage Total 


48 39 | 21 
41 28 36 15 


superior for the quantity and quality of the 
specimen submitted for microscopic cytologic 
evaluation. This agent seems to be more reliable 
for yielding the greatest number of specimens 
containing malignant cells. Among the sputum 
specimens which were self-produced under ob- 
servation and collected and sent for cytologic 
studies were those from 2 patients with proved 
respiratory tract malignancies which repeatedly 
failed to reveal malignant cells. This finding was 
in contrast with the fact that both of these pa- 
tients were promptly diagnosed by specimens 
obtained via the glycol and saline method. 

False positive specimens were reported, but 
all of these were associated with postural drain- 
age. This finding prompted early discontinuance 
of this method of collection. It also should be 
pointed out that, for the patient to be able to 
cooperate, it is necessary that he have an ef- 
fective deep cough so as to produce a sufficient 
amount of material for cytologic study. 

No adverse effect occurred from the employ- 
ment of this technique for collecting sputum. 


TABLE 4 
CoMPARISON OF THE TECHNIQUES FOR OBTAINING Fatse Positive ResuLts 


Method Used for Collection 


Solution* Normal Saline 


| Sek 
IV 
Not proved IV 


Proved 


* Glycol and saline 


Solution® after 


Postural 


Draiaege Tap Water 


Postural 
Drainage 


Speci- 
mens 


Speci- 
mens 


1 
1 
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Slight irritation of the mouth and throat was 
occasionally noted. A few patients were troubled 
by a cough which lasted no longer than an hour. 
Blood-tinged sputum remained unchanged, and 
no hemoptysis occurred after the aerosol inhala- 
tion. 


SuMMARY 


A study and evaluation of the heated aerosol 
technique for the collection of sputum for the 
cytologic diagnosis of lung cancer was made, 
comparing the use of several different solutions 
with postural drainage alone. A blind technique 
was used throughout the study. 

Postural drainage proved unsatisfactory be- 
cause oi the oceurrence of false postive speci- 
mens. It was found that, of saline, tap water, 
and a mixture of propylene glycol and hyper- 
tonic saline, the last-named mixture was supe- 
rior in producing sputum.which was adequate 
and satisfactory for cytologic examination. Of the 
specimens obtained, 88.3 per cent were satis- 
factory with the use of this agent, compared to 
66.6 per cent obtained with the other agents. 
No false positive results were obtained, and 
malignancy was diagnosed in every one of the 9 
proved cases of malignancy. 

Because the method is simple, yields a high 
percentage of satisfactory specimens, and is 
shown to be reliable for diagnosis, it should be 
given consideration for screening large popula- 
tion groups for lung cancer. 


SuMARIO 


Justipreciacién de la Técnica y de los Resultados de 
la Obtencién de Esputo para el Despistaje del 
Carcinoma Pulmonar. Estudio con la 


Técnica de Eliot 


Se hizo un estudio y justipreciacién de la técnica 
de aerosol calentado para la colecta de esputo para 
el diagnéstico citolégico del pulmonar, 
comparando el empleo de distintas técnicas con el 
drenaje postural solo. En todo el estudio se utilizé 
la técnica de Eliot. 

El drenaje postural resulté satisfactorio debido 
a la existencia de ejemplares seudopositivos. Se 
observé, usando solucién salina, agua del grifo y 
una mezcla de propileno-glicol y solucién salina 
hiperténica, que la Gltima era superior en lo 
relativo a producir esputo de {indole adecuada y 
satisfactorio para examen citolégico. Con el uso 
de esta preparacién, se obtuvieron 88.3 por ciento 
de ejemplares satisfactorios, comparado con 66.6 
por ciento rendido por los otros agentes. No se 
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observaron seudopositivas y se diagnosticé cdncer 
en cada uno de los nueve casos comprobados de 
esta dolencia. 

Por ser el método sencillo, rendir un alto por- 
centaje de ejemplares satisfactorios y haberse 
demost rado que es fidedigno para diagnéstico, debe 
tomarse en cuenta al triar grandes grupos de 
poblacién en busca de céncer pulmonar. 


RESUME 


Evaluation d'une technique et ses résultats pour 
obtenir l’expectoration dans le dépistage du 
carcinome du poumon. Etude d’une technique 

“aveugle”’ 


Les auteurs effectuérent une étude et une 
évaluation de la technique par aérosol chauffé 
pour récolter les expectorations en vue du diag- 
nostic cytologique du cancer du poumon, com- 
parant l’emploi de plusieurs solutions différentes 
au drainage de posture seul. Une technique “‘aveu- 
gle’’ fut employée tout au long de l'étude. 

Le drainage postural ne s’avéra pas satisfaisant 
en raison de la présence d'échantillons faussement 
positifs. On trouva que, en utilisant les solutions 
salines, l’eau du robinet, et un mélange de glycol 
propyléne et de solution hypertonique, ce dernier 
mélange était meilleur pour la production d’une 
expectoration qui soit adéquate et satisfaisante 
pour l’examen cytologique. On obtint 88,3 pour 
cent d’échantillons satisfaisants avec l'emploi de 
cet agent, comparé A 66,6 pour cent avec les autres 
agents. On n’obtint aucun résultat faussement 
positif et on diagnostiqua la malignité dans chacun 
des neuf cas qui furent prouvés malins. 

A cause de sa simplicité, parce qu’elle donne un 
fort pourcentage d’échantillons satisfaisants et se 
montre sure pour le diagnostic, cette méthode 
devrait étre considérée pour le dépistage du cancer 
du poumon dans les larges groupes de population. 
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INTRODUCTION 


Tuberculosis mortality in South Korea is 
probably more than 300—and may be as high 
as 400—per 100,000 population. The few sta- 
tistics available are inadequate to give an ac- 
curate figure. The tuberculin reaction is positive 
at ten years of age in 60 per cent of the popula- 
tion, at twenty years of age in 80 per cent and, 
at older than thirty, in 90 per cent. A mass sur- 
vey of more than 20,000 persons of all ages re- 
ported by the Ministry of Health and Social 
Affairs revealed 3.4 per cent to have active pul- 
monary tuberculosis. In this clinic 1.7 per cent 
of 1,150 United States Operation Mission em- 
ployees or prospective employees were found to 
have active disease. The rate is probably from 2 
to 4 per cent, so there are probably more than 
600,000 cases of active disease in South Korea, 
with its population of 23,000,000 people. As the 
total number of beds available for the treatment 
of tuberculosis is 4,000, the establishment of 
chest clinics and of a system of home care is ob- 
viously the only practical method of attack. 


in SEOUL 


In January, 1954, the Church World Service 
established a chest clinic in connection with Sev- 
erance Hospital. This hopsital has been estab- 
lished for seventy-six years and is the oldest 
hospital in Korea in which modern medicine is 
practiced. To house the clinic, a building with 
only three walls standing was reconstructed with 
material from Korea Civil Assistance Command 
and cash grants from the United Nations Re- 
construction Agency ($21,000) and Church 
World Service ($6,000). 

There were only 7 patients during the first 


"Korea Church World Service Tuberculosis 
Control Project, Seoul, Korea. Each clinic doctor 
analyzed his or her own cases 

* Present address: American Korean Foundation, 
AP.O. 301, % Postmaster, San Francisco, Cali- 
fornia 
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month. With the use of modern chemotherapy, 
however, the response to treatment was 50 
satisfactory that within seven months the clinic 
was caring for more than fifty patients a day. 
At this time another clinic was set up at the Red 
Cross Hospital in one room of a burnt-out build- 
ing that in the beginning had no roof, windows, 
or doors. Funds for the reconstruction of the 
building were supplied by the American-Korean 
Foundation ($3,500). By the end of the first year, 
1,019 new cases of active pulmonary tuberculosis 
had been discovered. Other clinics were begun at 
the City Dongboo Hospital in 1955, Soon Wha 
Hospital in 1956, and in Yung Dong Po Hospital 
in 1957. There was a total of 1,626 new cases in 
1955 and approximately 2,000 new cases a year 
for the next four years, making a total of 10,668 
active cases of tuberculosis, nearly all of which 
were newly discovered. 


Home VISITING AND RELIEF 


From the beginning, the homes of the patients 
were visited by graduate nurses. By the end of 
1959, 20,000 visits had been made to 6,000 
homes. The nurses were also responsible for 
a relief program through which ten tons of food 
were issued each year to the most needy of the 
charity patients. In 1959 this service was im- 
proved and expanded by the addition of two 
social workers who gave out 45 tons of food 
during the year in addition to fuel and clothing. 


AREA SERVED 


In 1954 the population of Seoul was about 
600,000, but by 1959 the number had increased 
to 1,800,000. There are probably 50,000 cases of 
active pulmonary tuberculosis in the city alone. 
Two-thirds of the patients treated come from the 
city but some live at distances up to 100 miles. 
The municipal government also conducts clinics 
so that there are at least 6,000 patients with 
active tuberculosis who are constantly under 
treatment in Seoul. 
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Cuiric Routine 


In the writers’ clinics, the patients are seen 
by appointment weekly or fortnightly by the 
same physician. A plan of treatment for each new 
patient is determined at a daily conference. The 
physician tries to impress on the patient the 
need to bring all contacts to the central clinic. 
After instructions from the physician the pa- 
tient is referred to a nurse who is also a labora- 
tory technician. She explains more fully the value 
of rest, method of transmission of tuberculous 
infection, the need for isolation, et cetera. The 
patient is given one booklet of general instrue- 
tions, one on nutrition, and a letter pointing 
out the need to obtain roentgenograms of the 
chest of all household contacts. Each contact is 
provided with a card which entitles the holder to 
a free 70-mm. chest film. The patient then draws 
a plan of the location of his or her house which 
may be on any of the many hills in Seoul and 
may not have a street address number. On her 


visit the nurse completes the data required, ages 
of contacts, et cetera, and again urges that they 
attend the clinic. 


Contacts EXAMINED 


In previous years the importance of having all 
household contacts examined was recognized; 
1,243 reported for examination in 1957, and 
1,863 in 1958. In 1959, the physicians and nurses 
at each of the five clinics made a determined 
effort to persuade all within the city or its 
environs to attend the central clinic. Nurses 
visited 1,239 homes and, although 3,992 contacts 
attended the clinic, complete data are available 
for only 3,526 contacts of 900 index cases. The 
number examined roentgenographically was 
3,002 (85.1 per cent) (tables 1-3; figure 1). The 
new active cases found numbered 357 (11.9 per 
cent). Fourteen per cent of these were believed 
to represent source cases. The source case of a 
contact was the ease of tuberculosis judged by 


TABLE 1 


ATTENDANCE AT 


Number of 
Hospital Index Cases 


Severance Hospital 

Red Cross Hospital 

Soon Wha Hospital 

Yung Dong Po City Hospital 
Dongboo City Hospital 


Total ( 3,526 


1,767 


Contacts with Roentgen- | Contacts with Pulmonary 
ograms | Tuberculosis 


Number Per Cent Number 


Per Cent 

| 1,593 2 | 10.7 
14.4 
12.4 
12.3 
12.6 


3,002 . 11.9 


TABLE 2 


Male 


Total Nonatten- Per Cent Total 
Number dance Attendance Number 


281 
265 


252 


HovuseHoip Contacts: ATTENDANCE BY AGE AND SEX 


Female Both Sexes 


Nonatten- | Per Cent Total Nonatten Per Cent 
dance Attendance| Number dance Attendance 


39 84.5 | 533 79 85.2 

33 87.7 533 63 88.2 

48 89.0 966 101 89.5 

31 : 479 63 86.6 
51 


a 
7 
4 
191 657 F 
26 117 
! 149 687 
90 298 
— 
0-4 85.8 | | 
5-9 88.7 265 | 4 
10-19 530 | | 90.0 436 
20-29 177 81.9 302 | 
30-39 132 81.8 235 | 
40-49 ill | 75.7 19% | 2 | 86.0 | 305 55 82.0 
50-59 67 | 55.2 151 35 76.8 218 | 65 70.2 
60-69 63 65.1 62 25 .7 | 1% | 47 62.4 
Total 1,626 258 84.7 1,900 266 86.0 3,526 524 85.1 
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TABLE 3 


Morsipity Rates or Hovusenotp Contacts AccorDING TO AGE AND Sex 


Number of Contacts 


F Total 


MALES 


| ACTIVE 


Number with Pulmonary Tuberculesio|Per Cent with Pulmonary Tuberculosis 


10.3 


Fic. 1. Pulmonary tuberculosis household contacts of patients attending five clinics in 
Seoul, 1959. Total contacts: 3,526; number examined roentgenographically, 3,002; age and 


sex composition. 


the physician to be the most probable source of 
infection for that particular contact after taking 
into consideration all of the information avail- 
able 1bout various members of the household and 
other members of the contact group (1). 

In 65 per cent of the diseased contacts the 
tuberculosis was “minimal”; in 26.3 per cent, 
moderately advanced; and in only 8.7 per cent 
was it far advanced. By contrast, the classifica- 
tion of the disease of the index cases was “mini- 
mal” in only 11.8 per cent, moderately advanced 
in 38.2 per cent, and far advanced in 50 per cent 
(figure 2). 


Discussion 


By persistent effort it was possible to achieve 
85.1 per cent acceptance of contact examination 
among families of Korean patients, even though 


many had to travel long distances, sometimes 100 
miles, to the central clinic. The attendance of 
contacts of patients attending the Severance 
Clinie was 90.2 per cent. Apparently the better 
the clinic and the longer im operation, the better 
the response. The percentage of contacts with 
active tuberculosis (11.9) was three to five times 
the number of active cases of tuberculosis usually 
found by mass roentgenographic surveys of the 
general population. It is therefore a more useful 
and cheaper method of case finding. 

It might be expected that the spread of tuber- 
culosis in families would be affected by the num- 
ber of individuals per room, the size of the room, 
and the intimacy of contact. An analysis of ree- 
ords for 1,000 homes showed that 60 per cent of 
the families lived in one room only, and 6 per 
cent of these single rooms were only 6 feet 
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TUBERCULOSIS CONTACTS IN SEOUL 


NO OF 
CASES MINIMAL MOD. ADV. FAR ADV. 


INDEX 900 i186 362 $0.0 


CONTACT 357 263 87 


INDEX CASES CONTACTS 


Fic. 2. Pulmonary tuberculosis: five clinics in Seoul, 1959. Classification of index cases and 
household contacts. 
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square. Twenty-six per cent had two rooms, and 
less than 1 per cent had five rooms. The average 
living space was 120 square feet for a family of 
five persons (figure 3). The morbidity rate of 
11.9 per cent is more than double that in the 
poorer areas of several western countries, where 
the average occupancy per room is 1.3 persons. 
It has been stated that in some western countries 
the morbidity rate is not influenced by the stand- 
ard of housing. In the present survey, however, 
the morbidity of those living in the same room 
as the patient was 12.3 per cent, whereas, if the 
patient lived in a separate room, the rate was 
90 per cent. This is a significant difference 
(table 4). 

As would be expected, more active pulmonary 
tuberculosis was found among those in contact 
with persons with tubercle bacilli in the sputum 
than among those whose sputum was negative 
for tubercle bacilli on microscopy (table 5). The 
rate was 13.5 per cent for contacts of patients 
with infectious sputum and 5.8 per cent for 
patients with sputum negative for tubercle 
bacilli on microscopy. The high rate of infection 


TABLE 4 


PutmMonaRY TUBERCULOSIS MorBIpITy IN 
Contacts AccORDING TO 
Room Livep 


Contacts with Pul 


Number of monary Tuberculosis 


Contacts 


Number | Per Cent 


Same room 2,301 
Different room 701 


Total 3,002 


TABLE 5 
TusercuLosis Morsipity Hovseno.ip 
Contacts ACCORDING TO THE Sputum 
STATUS OF THE SouRcE 


Contacts with 

Pulmonary 
Number of Tuberculosis 
Source 
Cases 


Number of 


Sputum Status Contacts 


Per 


Number Cent 


Positive on mi- 321 | 13.5 
croscopy 

Negative on mi- 36 
croscopy 


Total 
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TABLE 6 


Morsipiry Rates or 
Hovusenoip Contacts ACCORDING 
To Revation or Contact 


Contacts with Pul- 
Number of monary Tuberculosis 
Contacts 


Relationship of Contact 
Examined 


Number Per Cent 
Consort 58 
Parents 191 
Brothers or sisters 82 
Grandparents 

Other relatives 

Not related 


12.6 
12.1 
11.8 


Total 


TABLE 7 


TusercuLosis Morsipity or HovseHoip 
Contacts ACCORDING TO THE DURATION 
or Exposure To THe Source Cases 


Contacts with 
Pulmonary 


Number of Wensher of Tuberculosis 


Source 
Contacts 


Duration 


Per 
Number Cent 


1-6 months il 
7-12 months 56 
1-2 years 102 
2-3 years 71 
3-4 years 45 
4+ years : 72 


Total 900 3,002 357 


from grandparents is noted because they fre- 
quently take care of young children and repre- 
sent the group least likely to attend the clinic 
for examination (table 6). 

The rate was also much higher when the dura- 
tion of exposure exceeded two years. It was 8.7 
per cent at seven to twelve months, 12.5 per cent 
from one to two years, and 14.7 per cent for 
those in contact with the source case over four 
years (table 7). 

Fifty cases thought to represent source cases 
were found among the contacts. This constituted 
14 per cent of the total number. As might be 
expected, the more advanced the disease in the 
source case the more likely were the contacts to 
manifest pulmonary tuberculosis. The rate was 
5.3 per cent for contacts of those with “minimal” 
disease and 14.5 per cent for those in contact with 
patients with far advanced disease (table 8). 


| 
Re 
3,002 357 «11.9 
| 
9.8 Pad 
12.5 
13.9 
14.7 
Reem 
63 9.0 
357 11.9 
| 
| 
900 3,002 357) 
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The source of infection for 86 children who de- 
veloped primary tuberculosis was the parents 
in 76 instances, other siblings in 6, grandparents 
in 6, and was unknown in one instance. Boys less 
than five years of age showed a higher incidence 
of infection than girls of the same age. At pu- 
berty the morbidity among females was higher 
than among males of the same age. For males 
more than twenty years old the tuberculous 
disease rate was higher than the female rate 
and was particularly high (28 per cent) for males 
more than fifty-one years old who were contacts 
of infectious cases. The old people have the 
highest rate for nonattendance at the clinic for 
examination as household contacts. From the 
standpoint of treatment and prognosis, it was en- 
couraging to find that the disease was in an early 
state in 65 per cent of contacts with active dis- 
ease and that in only 8.7 per cent was the tuber- 
culosis far advanced (table 9). 


TABLE 8 


Contacts with PuLmMonaRY TUBERCULOSIS 
EXTENSION OF DISEASE OF SouRCE 


Contacts with 
Pulmonary 
Tuberculosis 


Primary 

Minimal 

Moderately ad- 
vanced 

Far advanced 


TABLE 9 


CLASSIFICATION OF PULMONARY TUBERCULOSIS 
INDEX AND Contact Cases 


Index Cases 
Extension of Disease — 
Number Per Cent | Number Per Cent 


Contact Cases 


0.1 89 24.9 


Primary tuber- 1 
culosis 

Minimal 

Moderately ad- 344 
vanced 

Far advanced 


40.1 
26.3 


105 11.7 143 


38.2 94 


450 50.0 31 8.7 


900 100.0 357 100.0 


Total 
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SUMMARY 


An analysis is presented of the household 
contacts of 900 “index cases” who attended five 
chest clinics in Seoul in 1959. The total number 
of contacts was 3,526. Among these contacts, 
3,002 (85.1 per cent) were examined roentgeno- 
graphically, and 357 (11.9 per cent) were found 
to have active pulmonary tuberculosis. Fourteen 
per cent of these were believed to represent 
source cases. 

Nonattendance at the clinics was high in 
those more than fifty and, particularly, in those 
more than sixty years of age. It is in this latter 
group that many hidden source cases were found. 

Morbidity rates were closely related to the 
extent of the disease, the bacteriologic status of 
the source case, the duration of exposure, the 
contact’s relationship to the source case and, 
specifically, whether the two persons lived in 
the same or different rooms. In primary tuber- 
culosis, the parents were the main source of 
the infection. The pulmonary tuberculosis was 
minimal in 65 per cent of the new cases found on 
examination of contacts. This represented a most 
favorable type of disease from the standpoint of 
what might be accomplished by chemotherapy. 
The importance of examining household con- 
tacts, particularly the older age group, has again 
been demonstrated. 


SUMARIO 


Contactos Tuberculosos en Seil, Corea. Un Andlisis 
de 3,002 Contactos Caseros, 1959 


Preséntase un andlisis de los contactos caseros 
de 900 “‘casos indices’ que asistieron a cinco 
clinicas tordcicas de Sedl en 1959. El ndmero total 
de contactos fué 3,526. De éstos, se examindé ra- 
diogrdficamente a 3,002 (85.1 por ciento), y en 357 
(11.9 por ciento) se descubrié tuberculosis pulmo- 
nar activa. Un 14 por ciento de éstos eran casos 
focales. 

La inasistencia a las clinicas fué alta en las 
personas de més de cincuenta afios, y en particular 
en las de més de sesenta. Es en este dltimo grupo 
que se descubren muchos casos focales ocultos. 

Las tasas de morbidad se relacionan intima- 
mente con la difusién de la enfermedad, el estado 
bacteriolégico del caso focal, la duracién de la 
exposicién y la relacién del contacto con el caso 
focal; y también si viven en el mismo cuarto o en 
aposentos separados. En la tuberculosis primaria, 
los padres son la causa principal de la infecién. 

Los nuevos casos descubiertos fueron en 65 por 
ciento de enfermedad minima, permitiendo el tra- 


i 
CASES 

Number of | 
a Extension of Disease 
Number 
1 5 0 
354 1,174 | 111 | 9.5 
470 | 1,578 | 233 | 14.5 

Total 900 3,002 | 357 | 11.9 : 
: 

: 4 
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tamiento temprano. Se ha demostrado una vez mas 
la importancia de examinar los contactos caseros, 
y en particular el grupo de edad avanzada. 


REsUME 


Contacts tuberculeuz 4 Séoul, Chorée. Une Analyse 
de 3,002 contacts de maisonnée 

Les auteurs présentent une analyse des contacts 
de maisonnée de 900 cas ‘“‘index’’ qui fréquentérent 
cing consultations pour les maladies de poitrine a 
Séoul en 1959. Le nombre total de contacts fut de 
3.526. Parmi ces contacts, 3,002 (85,1%) furent 
examinés A la radio, et chez 357 (11,9%), on trouva 
une tuberculose pulmonaire active. Quatorze pour 
cent de ceux-ci étaient des cas “‘source’’. 

Parmi ceux-ci, l'irrégularité des visites A la 
consultation fut grande, plus de cinquante, et 
particuliérement parmi les malades ayant dépassé 
soixante ans. C’est dans ce dernier groupe qu'on 
découvrit plusieurs cas sources occultes. 

Les taux de morbidité sont en relation étroite 
avec |'extension de la maladie, l'état bactériologi - 
que du cas source, la durée d’exposition, et le 
rapport de contact avee le cas source; et aussi 
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s‘ils vivent dans une méme chambre ou A part. 
Dans la tuberculose primaire, les parents sont la 
source principale d’infection. 

On trouva de nouveaux cas-65% de maladie a 
minimum, ce qui rend possible un traitement 
précoce. L’importance de l’examen des contacts 
de maisonnée, surtout dans le groupe des gens 
agés, a été démontrée A nouveau. 
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SOME IMPLICATIONS OF THE ADDITION OF TWEEN® 80 TO DILU- 
TIONS OF PPD TUBERCULIN WITH RESPECT TO THE STUDY OF 
“SPECIFIC” AND “NONSPECIFIC” TUBERCULIN SENSITIVITY' 


A Preliminary Report 
GERARD WIJSMULLER 


(Received for publication August 15, 1960) 


INTRODUCTION 


In the latter part of 1958, a new batch of 
human PPD tuberculin, designated by the pro- 
ducers (the State Serum Institute of Copen- 
hagen, Denmark) as RT 23, was released. It was 
recommended that this tuberculin be diluted in 
a phosphate buffer containing 0.005 per 100 ml. 
Tween® 80. As it was not realized at first that 
the addition of Tween 80 might be of great im- 
portance to dilutions of PPD tuberculin other 
than RT 23, the phosphate buffer containing 
Tween was, for reasons of simplicity, made the 
standard diluent for all comparative tuberculin 
studies then in progress in the territory. It soon 
became evident, however, that tuberculins con- 
taining Tween 80 were much stronger than an- 
ticipated. Accordingly, a number of studies on 
the effect of the addition of Tween were designed 
to clarify this situation. Although it may still 
take considerable time before these studies are 
completed, it was thought worth while to report 
some of the preliminary observations at this time. 


MATERIALS AND METHODS 


Tuberculin: All of the tuberculins used in this 
study were recieved in the form of stock solutions 
containing 50,000 TU per ml. The tuberculin RT 23 
was received from the State Serum Institute in 
Copenhagen; PPD-Seibert was obtained from the 
US. Public Health Service through the courtesy 
of Dr. Phyllis Q. Edwards. 

Dilutions were prepared locally once a week 
and were kept refrigerated until used. Fresh dilu- 
tions were used each working day. 

Syringes: Only new syringes were used for com- 
parative tuberculin testing. They were pretested 
for leakage by the method of Guld and Rud (1), 
and only those that leaked less than 0.2 ml. after 
being subjected to an internal pressure of 55 kg 
per cm? for six minutes were used. All of the 
syringes were marked with colored tapes in order 
to avoid possible exchange, and the bottles con- 

*From the Tuberculosis Control Division, De- 
partment of Public Health, Hollandia, Netherlands 
New Guinea. 


taining the corresponding tuberculins were marked 
in the same way. 

Reduction of “volume effect”: As it is known 
that tuberculins which do not contain Tween 
tend to give smaller reactions if the vial in which 
the tuberculin is stored is only partly filled (2, 3), 
only one-half of the completely filled bottle of 
tuberculin was used. When tuberculins diluted in 
phosphate buffer with and without Tween were 
compared, only one-half of those containing Tween 
were used. 

Injection technique: All tuberculin injections 
were given on the dorsum of the forearms, approxi- 
mately one-third of the distance from the wrist or 
one-third from the elbow. When several injections 
were given at the same time, the site of the in- 
jection was randomized to make sure that the 
reader was unaware of what reaction he was read- 
ing. 

One-tenth of a milliliter of fluid was used for 
all tuberculin tests, and the injections were given 
intradermally as accurately as possible according 
to the markings of the barrel (4). 

Reading of reactions: All reactions were read 
after seventy-two hours. No attempt was made to 
classify them as either positive or negative, but 
the palpable induration was carefully measured 
with a calibrated ruler, and the mean of the 
transverse and the longitudinal diameters was 
recorded. 

Unless stated otherwise, all reactions were read 
by the same reader. 


OBSERVATIONS 
PPD Tuberculin RT 23 


Comparison between 1 TU of RT 23 with Tween 
and 245 TU of RT 23 without Tween: 


In a population living at a high altitude in a 
district where clinical tuberculosis is unknown: 
In October, 1959, 36 adult males from a remote 
highland district (altitude approximately 4,800 
feet above sea level) where clinical tuberculosis 
is unknown were tuberculin tested and examined 
roentgenographically a few days after arrival in 
Hollandia by air. A number of comparative tests 
were given, including 1 TU of RT 23 with 
Tween and 2. TU of RT 23 without Tween. 
The chest roentgenograms did not reveal pulmo- 
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CORRELATION TABLE 1 
COMPARISON BETWEEN 1 TU or RT 23 wirn Tween anv 2.5 TU or RT 23 witrnout Tween 
In a Population Living at a High Altitude in a Distriet Where Clinical Tuberculosis is Unknown 


Size of Reaction to 2.5 TU of RT 23 without Tween 


6— 10- 


Size of Reaction to 1 TU of 
RT 23 with Tween 80 


Total 


nary disease. The results of the tests with RT 23 


are presented in correlation table 1. As may be 


seen, the mean reaction to 25 TU of RT 23 
without Tween was larger than the mean reac- 
tion to 1 TU of RT 23 with Tween. 

In a population, living at a low altitude in a 
district where clinical tuberculosis is unknown: 
In March, 1960, comparative tuberculin studies 
were made in the district of Ajamaroe. The 
altitude of the district is approximately 350 feet 
above sea level. Although clinical tuberculosis 
has not yet found in the district of 
Ajamaroe,’ some of the adult males had worked 
on the coast for short terms and some may have 
acquired an infection with tuberele bacilli while 
there. The results of the tests with RT 23 in a 
sample of the general population (dental age I 
and above") are given in correlation table 2. In 
these subjects also there was a larger mean 


been 


* It should be noted that a district medical officer 
has been working in the district which has a popu- 
lation of 17,000 people (since 1955) and that in- 
tensive patroling, with physical examinations of 
the total population, has been carried out each 
year since 1955. Yaws has been eradicated. The at- 
tendance of the population at these yearly surveys, 
although somewhat decreasing, is still approxi- 
mately 85 per cent. No case of tuberculosis has 
ever been found. 

*As the peoples of Netherlands New Guinea 
very often do not know their exact age, and as it 
is difficult to assess the actual age of the people 
examined, it is common practice within the De- 
partment of Public Health to determine age in 
terms of dental age. Thus, the last tooth to appear 
is recorded for everybody examined (5) 
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reactivity to 2.5 TU of RT 23 without Tween 
than to the duplicate test of 1 TU of RT 23 with 
Tween. As compared with the results in the 
adult males from the former district, the sen- 
sitivity to both tests was greater. 

In patients suffering from clinical tuberculosis 
(bacteriologically confirmed diagnosis only): In 
September, 1959, 44 patients newly admitted to 
the tuberculosis wards of the Central Hospital 
at Hollandia were given duplicate tests employ- 
ing 2.5 TU of RT 23 without Tween and 1 TU 
of RT 23 with Tween. The results are given in 
correlation table 3. As may be seen, in contrast 
to the observations described for the subjects 
living in districts where clinical tuberculosis is 
unknown, the reactions to both tests were ap- 
proximately the same size in the patients with 
demonstrable disease. There was some indication 
that the reactions to 1 TU of RT 23 with Tween 
might have been slightly larger than those to 2.5 
TU of RT 23 without Tween. 

In a coastal district where clinical tuberculosis 
is common: In November, 1959, a general pop- 
ulation group in the district of Kaimana (dental 


‘On Reformation Day (October 31, 1959) some 
2,000 of the indigenous population of the district 
assembled in the township of Kaimana to cele- 
brate the occasion. As it is unlikely that the sick 
people were as eager to participate in the festivities 
as the healthy ones, the sample cannot be regarded 
as representative for the district as a whole. From 
the 2,000 people tested, 659 showed very strong 
reactions to 1 TU of RT 23 with Tween. All 659 
persons were examined by fluoroscopy, and 20 cases 
of pulmonary densities suggestive of active pul- 
monary tuberculosis were found. 
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CORRELATION TABLE 2 
COMPARISON BETWEEN 1 TU or RT 23 wits Tween anv 2.5 TU or RT 23 witnout Tween 
In a Population Living at a Low Altitude in a Distriet Where Clinical Tuberculosis is Unknown* 
Size of Reaction to 2.5 TU of RT 23 without Tween 
4— 6— W— 12— 14— 16— 224+ Total 


43 6 6 238 = 82 

3 


Size of Reaction to 1 TU of RT 23 with Tween 80 


Total 51 j 15 16 27 23 
* See footnote 2 in text. 


CORRELATION TABLE 3 
CoMPARISON BETWEEN 1 TU or RT 23 witn Tween anv 2.5 TU or RT 23 witnout Tween 
In Patients with Clinical Tuberculosis (Bacteriologically Confirmed Diagnosis Only) 


Size of Reaction to 2.5 TU of RT 23 without Tween 
4— 6— 8— 10— 12— M— 16— 18— 22— M— 28+ Total 


Size of Reaction to 1 TU of RT 23 with Tween 80 
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CORRELATION TABLE 4 
CoMPARISON BETWEEN 1 TU or RT 23 witn Tween anv 2.5 TU or RT 23 witnout Tween 
In a Population Living in a District Where Clinical Tuberculosis is Common 


Size of Reaction to 2.5 TU of RT 23 without Tween 


6— 8- 
@-.§ 
4- 1 ~ 
1 
2. «a 
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Tota! 47 14 2 13 21 34 67 
age I and higher), where clinical tuberculosis is 
common, were given duplicate tests of 1 TU 
of RT 23 with Tween and 2.5 TU of RT 23 
without Tween. The results are given in correla- 
tion table 4. 

As may be seen in the table, persons with 
small and medium reactions (up to 12 to 15 mm. 
in size) to 1 TU of RT 23 with Tween had larger 
reactions to 2.5 TU of the same tuberculin with- 
out Tween. But persons with strong reactions to 
1 TU of RT 23 with Tween (16 mm. and more) 
had reactions of approximately the same size to 
2.5 TU without Tween. 


Comparison between 20 TU of RT 23 with 
Tween and 50 TU of RT 23 without Tween: 


A number of comparative tuberculin studies 
had made it likely that the people from the 
district of Ajamaroe all had sensitivity of a non- 
specific nature to tuberculin, e.g., not acquired 
through infections with human tubercle bacilli 
but through infections of another organism, pre- 


10— 12—- 16- 


20— 22— W+ Total 


i - 71 


- . 30 


61 376 

sumably a Mycobacterium. Accordingly, 20 TU 
of RT 23 with Tween and 50 TU of RT 23 with- 
out Tween were given to a sample of the popula- 
tion as duplicate tests, along with the standard 
dose of 1 TU of RT 23 with Tween. No un- 
favorable reactions were seen and the results 
are given in correlation table 5. As may be seen 
from the data in the table, the reaction to 50 
TU of RT 23 without Tween was stronger than 
the reaction to 20 TU of RT 23 with Tween. 


Human PPD-Seibert (PPD-S) 


Comparison between 5 TU of PPD-S without 
Tween and 2 TU of PPD-S with Tween: 


In a population living at a low altitude in a 
district where clinical tuberculosis is unknown: 
A sample of the general population of Ajamaroe 
(dental age I and higher), mentioned earlier, 
were given duplicate tests with 5 TU of PPD-S 
without Tween and 2 TU of PPD-S with Tween. 
The results are given in correlation table 6. 
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CORRELATION TABLE 5 
CoMPARISON BETWEEN 20 TU or RT 23 with Tween anv 50 TU or RT 23 without Tween 
In a Population Living at a Low Altitude in a District Where Clinical Tuberculosis is Unknown* 


Size of Reaction to 50 TU of RT 23 without Tween 


1 
2 
1 


$ 
~ 
4 
= 
= 


Total 9 1 j 30 14 21 
* See footnote 2 in text. 


CORRELATION TABLE 6 
CoMPARISON BETWEEN 2 TU or PPD-S with Tween anv 5 TU or PPD-S witnout Tween 
In a Population Living at a Low Altitude in a District Where Clinical Tuberculosis is Unknown 


Size of Reaction to § TU of RT 23 without Tween 
4— 6— 8— 12— 16— 18—- 22+ Total 


8 23 2 112 
2 - 11 
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Size of Reaction to 2 TU of PPD-S with Tween 80 
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Results of a somewhat similar nature to the 
comparison between 1 TU of RT 23 with Tween 
and 2.5 TU of RT 23 without Tween (see cor- 
relation table 2) were seen. The reaction to 5 
TU of PPD-S without Tween was somewhat 
stronger than to the duplicate test of 2 TU of 
PPD-S with Tween. 

In patients suffering from clinical tuberculosis 
(only patients with tubercle bacilli in sputum by 
microscopy or culture are included): In July, 
1960, 27 patients who were admitted to the tu- 
berculosis wards in the Central Hospital and 
from whom tubercle bacilli had been recovered 
were tested with 5 TU of PPD-S without Tween 
and 2 TU of PPD-S with Tween. The results are 
given in correlation table 7. 

The reaction to both tests was much the same 
The size of the reactions to the 2-TU 
tended to be somewhat larger than those to 5 
TU. 

In a coastal district where clinical tuberculosis 
is common: In May, 1959, the population of the 
island of Noemfoor was examined by mass roent- 
genography. In 1.7 per cent of the population 


tests 


CORRELATION TABLE 
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(dental age M1 and higher), roentgenographic 
densities suggestive of active tuberculosis were 
found. A sample of the population (dental age I 
and higher) received duplicate tests with 5 TU 
of PPD-S without Tween and 2 TU of PPD-S 
with Tween. The reactions were read by a dif- 
ferent reader and the results are presented in 
correlation table 8. 

Again, the large reactions tended to be of the 
same size with both tests, whereas persons who 
were smaller or medium reactors to 2 TU of 
PPD-S with Tween had larger reactions to 5 TU 
of PPD-S without Tween. The pattern was very 
similar to that found in Kaimana for 1 TU of 
RT 23 with Tween and 2.5 TU of RT 23 with- 
out Tween. 


Other PPD Tuberculins 


At present, further observations are being 
made with a number of other tuberculins, in- 
cluding some not prepared from Mycobacterium 
tuberculosis var. hominis. Although these studies 
are still in progress, the results thus far tend to 
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CoMPARISON BETWEEN 2 TU oF PPD-S with Tween anv 5 TU or PPD-S without Tween 
In Patients with Clinical Tuberculosis (Bacteriologically Confirmed Diagnosis Only) 
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Size of Reaction to § TU of PPD-S without Tween 
16— 18— W— 22— W+ 


Total 


2 2 1 1 - 6 
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CORRELATION TABLE 8 
COMPARISON BETWEEN 2 TU or PPD-S witn Tween anv 5 TU or PPD-S witnovut Tween 
In a District Where Clinical Tuberculosis is Common 
Size of Reaction to 5 TU of PPD-S without Tween 
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Total 25 18 


be very much the same as those described above 
for RT 23 and PPD-S. 


Discussion 


From the observations presented in this paper 
it is evident that, in Netherlands New Guinea, 
persons infected with true tubercle bacilli (pul- 
monary lesions with demonstrable tubercle ba- 
cilli in sputum) have reactions of approximately 
the same size to a low-dose tuberculin test con- 
taining Tween 80 as they have to 2.5 times as 
much of this same tuberculin in a diluent not 
containing Tween (see correlation tables 3 and 
7). 

This observation is in agreement with recent 
reports that PPD tuberculin is normally ad- 
sorbed to a certain extent to the wall of its con- 
tainer, but that this adsorption can be prevented 
through the addition of a small amount of Tween 
80 to the diluent (6). 

In districts where clinical tuberculosis is un- 
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Total 


22 18 10 10 2 


known, however, and where it is presumed that 
the population has acquired tuberculin sensi- 
tivity through a cause(s) other than an infec- 
tion with true tubercle bacilli, the reaction to a 
low-dose tuberculin test containing Tween is 
markedly less than to 2.5 times as much of the 
same tuberculin not including Tween (see cor- 
relation tables 1, 2, and 6). 

Finally, when the tuberculin sensitivity of 
general population groups in districts where 
clinical tuberculosis is common is studied, a pat- 
tern is found which resembles a simple addition 
of the pattern found in persons with true tuber- 
culous disease plus that found in districts where 
clinical tuberculosis is unknown. Smaller reactors 
to the tuberculin containing Tween have larger 
reactions to 2.5 times as much of the same tu- 
berculin not containing Tween. However, indi- 
viduals who react to the tuberculin containing 
Tween with reactions approximately equal in 
size to those commonly found in cases of tuber- 
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culosis have reactions of approximately the same 
size to 2.5 times as much of the same tuberculin 
not containing Tween (see correlation tables 4 
and 8). 

All of these observations suggest that each 
PPD tuberculin is composed of at least two frac- 
tions or groups of fractions, as has been sug- 
gested in a paper on the standardization of RT 
23 (7), in which it is stated: 

“There is reason to believe that PPD is com- 
posed of at least two fractions of different ad- 
sorbability, one that has a low adsorbability and 
is found even in ordinary dilutions of PPD, and 
one that is highly adsorbable and is therefore 
found mainly or exclusively in stabilized dilu- 
tions of PPD. A possible explanation of the 
present findings is that these factors differ also 
in regard to specificity ; thus it might be assumed 
that the highly adsorbable fraction is the more 
specific one, in the sense that it does not elicit 
reactions in persons whose allergy is of ‘non- 
specific’ origin.” 

As the phenomenon described in detail for 
RT 23 and PPD-S in the present report can also 
be found with another human PPD—and some- 
thing very similar has been seen with avian PPD 
prepared from different strains, Battey tuber- 
culin, and bovine PPD—it seems justified to as- 
sume that the majority of PPD tuberculins, 
regardless of the Mycobacterium from which 
they are prepared, are composed of two fractions 
or groups of fractions. 

There are certain implications of this finding, 
one of which has to do with tuberculin sensitivity 
acquired through previous contact with true tu- 
bercle bacilli. 

In the search for sensitivity caused by infec- 
tions with true tubercle bacilli, the addition of 
Tween 80 to the diluent of human PPD seems 
to be advantageous because it permits us to use 
a much lower concentration of PPD tuberculin, 
and nonspecific reactions, which are so frequent 
in many tropical countries, are less likely to 
occur. In addition, some of the unpublished ob- 
servations of the present writer indicate that 
Tween in itself diminishes the frequency of these 
nonspecific reactions, particularly in a low-dose 
tuberculin test. 

For these two reasons it can be anticipated 
that in tropical regions, where both nonspecific 
and specific tuberculin sensitivity is prevalent, 
the distribution of reactions to a low-dose tuber- 
culin test containing Tween will be more bi- 
modal than the distribution of reactions to 2.5 
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times as much of the same tuberculin not con- 
taining Tween. The “natural break” between 
“positives” and “negatives” will therefore be 
more clear if Tween is used in the diluent of 
human PPD. 

The present studies in the subjects with 
proved tuberculous disease indicate that some 
60 per cent of the fraction which is regarded to 
be the more specific of the two is normally ad- 
sorbed to the wall of the container. This is in 
agreement with earlier reports (6). Why should 
those who work in areas of the world where 
“eross-reactions” or “nonspecific” reactions to 
tuberculin are common not use this phenomenon 
of selective adsorption in the improvement of 
the specificity of the tuberculin test. If a vial 
containing a solution of an appropriate concen- 
tration of human PPD without Tween were 
emptied, and the adsorbed and presumably 
more specific fraction were redissolved, there 
would not only be a rather high yield of spe- 
cific fraction (60 per cent as compared with 40 
per cent in the original solution not containing 
Tween), but the less desirable and less adsorb- 
able fractions of the PPD would have been dis- 
posed of. 

Thus far, only a very few observations on this 
matter have been made by the writer, but the 
results obtained lend support to the above- 
mentioned theoretic consideration that it is pos- 
sible to improve the specificity of the tuberculin 
test in this way. 

Another implication has to do with tuberculin 
sensitivity not acquired through infections with 
true tubercle bacilli (the reaction commonly 
called “nonspecific” tuberculin sensitivity). In 
the study of this type of sensitivity, the addition 
of Tween 80 to the diluent of the tuberculin may 
be a disadvantage. This type of sensitivity is 
much less intense than the so-called “specific” 
tuberculin sensitivity, which is acquired through 
infection with true tubercle bacilli. Therefore, 
a low-dose tuberculin test that elicits well-defined 
and rather strong reactions in persons who have 
been infected with true tubercle bacilli shows 
either no reaction or only a rather weak reac- 
tion in persons who have acquired tuberculin 
sensitivity of a “nonspecific” nature. 

A high-dose tuberculin test, containing twenty 
times as much tuberculin as the low dose, is, 
therefore, commonly used for the demonstra- 
tion of “nonspecific” tuberculin sensitivity in 
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those persons who have either no reaction or 
only a relatively weak reaction to the low dose. 

As could be demonstrated in the present 
material (see correlation tables 1, 2, 5, and 6) 
“nonspecific” tuberculin sensitivity seems to be 
associated to a greater degree with the nonad- 
sorbable fractions in PPD tuberculin. Therefore, 
it seems that there is little reason to add Tween 
to the diluent of a high-dose tuberculin test. 
Furthermore, as there is reason to believe that 
Tween in itself reduces the size of some tuber- 
culin reactions in persons who have not been 
infected with true tubercle bacilli, but who have 
acquired their sensitivity to tuberculin through 
another cause, there seems even less point in 
adding Tween 80 to the diluent of our high-dose 
tuberculin test. 

If it be presumed that the different tuber- 
culins, RT 23, RT 22, and PPD-S, all contain 
relatively the same proportions of adsorbable 
and nonadsorbable material, then 20 x 2.5 TU, 
or 50 TU of RT 23 not containing Tween, would 
be more or less comparable to 100 TU of RT 22 
(which was the tuberculin in use in the 
UNICEF-assisted BCG vaccination campaigns 
until RT 23 was released), or 100 TU of PPD-S. 
A twenty fold concentration of the standard 
low-dose test of 1 TU of RT 23 with Tween, e.g., 
20 TU of RT 23 with Tween, would not be 
comparable to the earlier standard of 100 TU of 
RT 22 without Tween. 

In data thus far unpublished, there is some 
indication that RT 23 contains relatively more 
(or possibly more potent) nonadsorbable tuber- 
culin than the previous batch of RT 22 or 
PPD-S. Therefore, 40 TU of RT 23 without 
Tween may be approximately the concentration 
which is comparable to the previous high dose 
of 100 TU of RT 22. 


SuMMARY 


Duplicate tests of human PPD in a diluent 
containing 0.05 per cent of Tween 80 and 2.5 
times as much of the same tuberculin diluted in 
phosphate buffer not containing Tween were 
given to: a general population in a district where 
clinical tuberculosis is unknown, a general popu- 
lation in a district where clinical tuberculosis is 
common, and persons with bacteriologically 
proved cases of tuberculosis. 

The patients with proved tuberculosis and 
persons who had reactions of the same size as 
are normally found in clinical tuberculosis had 
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reactions of approximately the same size to both 
tests. Persons who had reactions of a size such as 
are commonly found in districts where clinical 
tuberculosis is unknown, however, had much 
smaller reactions to the tuberculin containing 
Tween than to 2.5 times as much of the same 
tuberculin not containing Tween. 

The study, therefore, seems to confirm earlier 
reports that PPD tuberculin is composed of at 
least two fractions, one of high and one of low 
adsorbability. The addition of Tween to the dil- 
uent of human PPD enhances the tuberculin re- 
action in persons infected with true tubercle ba- 
cilli, but it also decreases the size of some 
“nonspecific” reactions. For these two reasons, 
the distribution of a low-dose tuberculin test con- 
taining Tween is more bimodal than the distribu- 
tion of 2.5 times as much of the same tuberculin 
not containing Tween, e.g., 2 TU of PPD-S with 
Tween and 5 TU of PPD-S without Tween. In 
the search for persons infected with true tubercle 
bacilli, the addition of Tween 80 to the diluent 
of the low-dose tuberculin test is, therefore, ad- 
vantageous. The distribution of reactions accord- 
ing to size will show a better separation between 
persons who are presumably infected and per- 
sons presumably not infected with true tubercle 
bacilli. 

In the study of nonspecific tuberculin sensi- 
tivity, however, it is argued that the addition 
of Tween 80 is a disadvantage. In such reactors 
it seems better to continue to use a phosphate 
buffer not containing Tween as the diluent of 
human PPD. Formerly, a twenty fold concen- 
tration of the low-dose tuberculin test was used 
as a high-dose tuberculin test. Now, after the 
addition of Tween 80 to the diluent of the low 
dose of PPD, and the consequent reduction in 
the amount of tuberculin actually dissolved, a 
fifty fold concentration of this dose in a diluent 
not containing Tween seems appropriate for the 
high-dose tuberculin reaction. 


SuMARIO 


Algunas Connotaciones de la Adicién de Tween® 80 
a Diluciones de Tuberculina DPP con Respecto 
al Estudio de la Sensibilidad ‘‘Especifica”’ y 
a la Tuberculina 


Se hicieron pruebas en duplicado del DPP hu- 
mano en un diluente que contenfa 0.05 por ciento 
de Tween 80 y 2.5 veces mas de la misma tubercu- 
lina dilufda en amortiguador fosfatico que no 
contenia Tween, en: la poblacién general de un 
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distrito en el que se desconoce la tuberculosis 
clinica, la poblacién general de un distrito en el 
que es frecuente la tuberculosis clinica y en perso- 
nas con casos de tuberculosis comprobada bacte- 
riolégicamente. 

Los enfermos con tuberculosis comprobada y las 
personas que tuvieron reacciones del mismo ta- 
mafio que las que se encuentran normalmente en la 
tuberculosis clinica mostraron reacciones aproxi 
madamente del mismo tamafio en ambas pruebas. 
Sin embargo, las personas que tuvieron reacciones 
aproximadamente del mismo tamafio que las que 
se observan comdinmente en los distritos en que se 
desconoce la tuberculosis clinica mostraron reac- 
ciones mucho menores a la tuberculina que con- 
tania Tween que a una cantidad 2.5 veces mayor de 
la misma tuberculina que no contenfa Tween. 

El estudio confirma, por lo tanto, comunicacio- 
nes anteriores, en el sentido de que la tuberculina 
DPP esta compuesta a lo menos de dos fracciones, 
una de alta y una de baja adsorbibilidad. La adi- 
cién de Tween al diluente del DPP humano acre- 
cienta la reaccién a la tuberculina en personas in- 
fectadas con verdaderos bacilos tuberculosos, pero 
también decrece el tamafio de algunas reacciones 
“anespecificas.’’ Por estas dos razones, la distribu- 
cién de una tuberculina a baja dosis que contiene 
Tween es més bimodal que la distribucién de una 
dosis 2.5 veces mayor de la misma tuberculina sin 
Tween (p.ej.,2 UT de DPP-S con Tween y 5 UT de 
DPP-S sin Tween). En la busea de personas infec- 
tadas con verdaderos bacilos tuberculosos, resulta, 
por consiguiente ventajosa la adicién de Tween 80 
al diluente de tuberculina reactiva a baja dosis. La 
distribucién de las reacciones conforme al tamafio 
revelaré una separacién mejor entre las personas 
que presuntamente estan infectadas y las personas 
que presuntamente no estén infectadas con verda- 
deros bacilos tuberculosos. 

No obstante, se arguye que, en el estudio de la 
sensibilidad anespecffica a !a tuberculina, la adi 
cién de Tween 80 constituye una desventaja. En 
esos reactores, parece mejor continuar usando como 
diluente del DPP humano un amortiguador fosfé- 
tico que no contenga Tween. Anteriormente, se 
usaba para la prueba de la tuberculina a alta dosis 
una concentracién veinte veces mayor de la tuber 
culina de baja dosis. Hoy dia, después de agregar el 
Tween 80 al diluente de la dosis baja del DPP, y la 
consiguiente reduccién en la cantidad de tubercu 
lina realmente disuelta, una concentracién cin- 


cuenta veces mayor de dicha dosis en un diluente 
que no contenga Tween parece apropiada para la 
reaccién de la tuberculina a alta dosis. 
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RESUME 


Quelques implications de l’addition de Tween 80 a 
des dilutions de tuberculine PPD, par rapport 
a l'étude de la sensibilité ‘‘spécifique’’ et 
spécifique’’ a la tuberculine 


Avee une tuberculine humaine PPD, dans une 
dilution contenant 0,05% de Tween 80 et 2,5 fois 
autant de méme tuberculine diluée dans une solu- 
tion-tampon phosphatée, ne contenant pas de 
Tween, on fit des examens en double, chez une 
population generale, dans une region ou la tuber- 
culose clinique etait inconnue, dans une popula- 
tion générale dans une région oi la tuberculose est 
commune, et chez des personnes qui sont des cas 
prouvés bactériologiquement. 

Les malades avec une tuberculose prouvée et les 
personnes qui eurent des réactions de la méme 
taille que celle que l’on trouve dans la tuberculose 
clinique, eurent des reactions ayant a peu prés la 
méme taille dans les deux examens. Les personnes 
qui eurent des réactions de la taille qui est trou- 
vée communément dans les regions ou la tubercu- 
lose clinique est inconnue, eurent, cependant, des 
réactions beaucoup plus petites A la tuberculine 
contenant du Tween, qu’a 2,5 fois plus de la méme 
tuberculine sans Tween. 

L’étude, par conséquent, confirme les rapports 
précédents A savoir que la tuberculine PPD est 
composée d’au moins deux fractions, une de forte 
et une de faible adsorbabilité. L’addition de Tween 
4 la dilution de PPD humaine exagére la réaction a 
la tuberculine chez les personnes infectées avec de 
vrais bacilles tuberculeux, mais ceci diminue aussi 
la taille de quelques réactions “non specifiques.”’ 
Pour des deux raisons, la distribution d’une réac- 
tion a une petite dose de tuberculine contenant du 
Tween est plus ambivalente que la distribution de 
2 fois et demi plus de la méme tuberculine sans 
Tween (c. a.d.,2 TU de PPD-S avec Tween and 5 
TU de PPD-S sans Tween). Dans la recherche de 
personnes infectées avec de vrais bacilles tubercu- 
leux, l’addition de Tween 80 a la dilution d’une fai- 
ble dose de la tuberculine de réaction est par con- 
sequent avantageuse. La distribution des réactions 
selon la taille montrera une meilleure séparation 
entre les personnes qui sont supposées infectées et 
celles qui ne sont pas supposées infectées avec de 
vrais bacilles tuberculeux. 

Dans |’étude de la sensibilité non spécifique A la 
tuberculine, cependant, on discute le fait que 
l’addition de Tween 80 est un désavantage. Dans 
de tels produits de réaction, il semble qu'il vaut 
mieux continuer A utiliser une solution tamponnée 
avec du phosphate ne contenant pas de Tween, tel 
que la dilution de PPD humaine. Auparavant, une 
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concentration au vingtieme de tuberculine de réac- 
tion A faible dose était utilisée comme réaction a 
une forte dose de tuberculine. Maintenant, aprés 
addition de Tween 80 A la dilution de la faible dose 
de PPD, et la réduction secondaire dans la quan- 
tité de tuberculine pratiquement dissoute, une 
concentration au cinquantiéme de cette dose dans 
une dilution sans Tween semble convenir a la réac- 
tion a la forte dose de tuberculine. 
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INTRODUCTION 


Since 1950, a rapid rise has been recorded in 
death rates for a group of chronic respiratory 
diseases. These diseases include asthma, bron- 
chiectasis, chronic bronchitis, pulmonary fibro- 
sis,” and pulmonary emphysema. The name “ob- 
structive ventilatory disease of the lungs” has 
been suggested for this group of disorders (1). 
The data on the occurrence in California are 
shown in table 1. However, this increase has 
also oceurred in other states and in the United 
States as a whole. Within this group, the most 
striking increase has been in deaths reportedly 
due to pulmonary emphysema, and it is this 
increase vhich is of special relevance because 
deaths formerly attributed to this cause were 
relatively few. 

While death certificates show an increased 
number of deaths in which these conditions are 
the underlying cause of death, they are also 
frequently cited on death certificates as “con- 
tributory” causes of death. The contributory 
cause of death in this context is defined as any 
of these respiratory diseases mentioned on the 
death certificate but not coded as the under- 
lying cause of death. The California State De- 
partment of Public Health’s Multiple Cause 
Coding Study (3), based on 1955 data obtained 
from the National Office of Vital Statistics, dis- 
closed that for every case in which one of these 
diseases was mentioned as an underlying cause 
of death, there were 1.7 cases in which only one 
was mentioned as a contributory cause (table 2). 
Information about the trend in specified con- 
tributory causes of death is not available. 


‘From the Bureau of Chronic Diseases, Cali- 
fornia State Department of Public Health 

* Present address: Public Health Service, Divi- 
sion of Hospitals, Baltimore, Maryland. 

*Cases of fatal pulmonary fibrosis are usually 
found in death registration data under the category 
“other chronic interstitial pneumonia”; 525 is 
the number of this entity in the International Sta- 
tistical Classification of Diseases, Injuries, and 
Causes of Death (2). 
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Faced with a sharp rise in a particular disease 
category, it becomes necessary to determine 
whether or not the rise is real and, if so, what 
factors are contributing to the rise. In investi- 
gating the significance of this reported increase, 
it was necessary to start with the diagnostic cri- 
teria physicians use to certify these diseases on 
death certificates. It was also necessary to ex- 
amine the relationship of these diseases to en- 
vironmental factors, such as occupation, cigarette 
smoking, and air pollution exposures, as deter- 
mined by residence histories. Before undertaking 
a full-seale study, it seemed advisable to conduct 
a pilot study to determine the most efficient and 
economical investigative techniques for compil- 
ing the needed information. 

Hence, a methodologic study was undertaken 
to compare the efficiency of mail versus personal 
interview techniques in studying the diagnostic 
criteria used by physicians when certifying that 
chronic obstructive respiratory diseases are 
either underlying or contributory causes of 
death. The comparison of mail with personal 
interview methods is important because the lat- 
ter is more costly. 


PLAN OF INVESTIGATION 


The first phase of the study was concerned 
with the underlying causes of death; the second, 
with the contributory causes. The relative effi- 
ciency of mail versus personal interviews in ob- 
taining environmental data from next of kin 
was also evaluated. 

All interviewing was done in the Los Angeles 
area because of the population concentration 
there. The study was conducted by the State 
Department of Public Health with the approval 
of the Los Angeles County Medical Association, 
the California Osteopathic Association, and all 
city and county health officers in the area. 


General method: A panel of chest disease spe- 
cialists was consulted to determine the type of 
questions to ask certifying physicians in order to 
study the criteria used in making a given diagnosis 
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TABLE 1 
Deatus To ResprraTory Diseases CALIFORNIA 


Respiratory Disease 1950 1951 1952 
Total selected respira- 
tory diseases 


Total number 910 1,014 1,241 

Rate 8.6 9.2 10.3 
Asthma (241)* 

Total number 336 369 479 

Rate 3.2 3.3 4.1 | 
Emphysema (527.1, 502.0) 

Total number 161 196 257 

Rate 1.5 1.7 2.2 
Bronchitis (500, 501, 

502.1, 525, 526) 
Total number 413 449 478 
Rate 3.9 4.1 4.1 


(Rates are per 100,000 Population) 


1953 1954 1955 1956 1957 1958 


1,331 1,433 1,498 1,736 1,978 (2,279 


10.9 11.4 11.5 12.8 14.0 15.4 


491 442 422 460 467 398 
4.0 3.5 3.2 3.4 3.3 2.7 


341 392 459 592 803 926 
2.8 3.1 3.5 4.4 5.7 6.3 


499 599 617 | 684 708 955 
4.1 4.8 4.7 5.0 5.0 6.5 


* Numbers in parentheses represent International Statistical Classification Code (sixth revision). 
Source: U.S. Bureau of the Census, United States Census of Population: 1950, vol. 11: General Char- 
acteristics of the Population, California; and State of California, Department of Finance, Population 


Estimates, 1951-1958. 


TABLE 2 
Curonic Resprratory Diseases 1N CALIFORNIA, 
UNDERLYING VERSUS CONTRIBUTORY 
Causes, 1955* 


Ratio: 
Under- | Contrib Con- 
Cause of Death Isct lying utory (tributory 
Cause Cause to Under- 
lying 
Total 726 | 1,236 1.7 
Asthma 241 223 260 1.2 
Bronchitis, un- 5Ol 19 35 1.8 
qualified 
Bronchitis with 502.0 19 19 1.0 
emphysema 
Other chronic 502.1 23 75 | 3.3 
bronchitis 


Other chronic in- | 525 126 193 | 1.5 
terstitial pneu- 


monia 
Bronchiectasis 526 96 157 1.6 
Emphysema 527.1 | 220 497 | 2.3 
without bron- 
chitis 


* Based on multiple cause coding of 50 per cent 
of the California deaths. 
+ International Statistical Classification. 


The questionnaire schedules were then developed, 
with the assistance of consultants skilled in survey 
methods. The same questionnaire was used for 


both phases of physician interviewing, except for 
adding response categories of “none” or “not ap- 
plicable” to some questions in the second phase. 
The questionnaire is shown in figure 1. Sampling 
was carried out according to the following plan: 

From the death certificates filed for September 
and October, 1958, for the County of Los Angeles, 
a sample of forty cases was selected from 110 
certificates on which one of the chronic obstructive 
respiratory diseases was listed as the underlying 
cause of death. The criteria of selection are de- 
tailed below. The certificates selected were ran- 
domly divided into two groups within each disease 
category. One group was to receive a mail ques- 
tionnaire; the other group was to be personally 
interviewed, using the same questionnaire. 

A second sample of forty-eight death certificates 
was selected for the period May 15 to June 30, 
1959, to explore the problem of chronic obstructive 
respiratory disease as a contributory cause of 
death. These death certificates were also divided 
into a mail questionnaire group and a personal 
interview group. The following sampling criteria 
were used : 

1. Decedents less than thirty-five years old 
were excluded because it was believed that 
these cases did not represent the chronic respira- 
tory diseases included in the study. 

2. Death certificates signed by a coroner were 
excluded because it was believed that the in- 
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formation provided by the coroner's office would 3. Certificates signed by pathologists from the 
be no different in a mail questionnaire than in Veterans Administration hospitals were also ex- 
a personal interview. cluded since in 95 per cent of these cases the 


Fre. 1 
Physician Questionnaire 


California Respiratory Disease Mortality Study—State Department of Public Health 


Age: __.. Death Certificate Code No.: __ 


Name of Deceased: 


After you have reviewed the folder for the deceased, will you please answer all the questions below in 
as much detail as possible? Please write the word ‘‘none”’ or ‘‘not applicable’’ if question does not apply 


to this case. 


1. For how long was the deceased under your care? = years, or, __..._.___. months. 


2. What signs and symptoms did you consider pertinent in making your diagnosis of chronic respira- 
tory disease? (e.g., cough, sputum, hemoptysis, wheezing, increased A.P. diameter, dyspnea, de- 
creased mobility of diaphragm, rales, peripheral edema, fever, cyanosis, etc.) 


3. What facts in the deceased’s history did: you oniehden pertinent in making your diagonals of chronic 
respiratory disease? (e.g., smoking, occupation, previous illness, ete.) 


4. “What were the radiological findings? 


5. Ww hat laboratory studies did you oumnbies pertinent in mallee your diagnosis? (e.g. blood picture, 
biopsy reports, bacteriological studies, cytologic reports, etc.) 


6. What cheengeatte tests were pertinent in tibdag your diagnosis? (e.g., antispasmodics, antibiotics, 
other) 


7. What other findings did you consider pertinent in making your diagnosis? (bronchoscopy, pulmonary 
function tests, autopsy reports, E.K.G., etc.) 


8. Which of the above data (questions 2 through 7 7) did you consider the more important ones in mak- 
ing the diagnosis of chronic respiratory disease in this patient’s case? 


vc. 4 
: 
Ay 
‘ 
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(Fig. 1 continued) 
9. The following is a copy of the cause of death section of the death certificate signed by you: 
30. CAUS SE OF DE ATH 
PART I. DEATH WAS CAUSED BY: 
IMMEDIATE CAUSE (A) 
CAUSE APPROXIMATE 
Conditions, if any) INTERVAL 
OF which gave rise DUE TO (B) — 
| | BETWEEN ONSET 
(A) stating the un- DUE TO (C) AND 
derlying cause last. } 
DEATH PART II, OTHER SIGNIFICANT CONDI- | | 


TIONS CONTRIBUTING TO DEATH 
BUT NOT RELATED TO THE TER- 


MINAL 


DISEASE 


CONDITION 


GIVEN IN PART I (A) 


The State Department has coded 


as the underlying cause of death. 


Do you agree? 


0 Yes 0 No 


IF NO: 


What would you have preferred as the underlying cause of death? 


10. Remarks: 


cause-of-death section is completed on the basis 

of the gross autopsy findings (4), and therefore 

the basis for the diagnosis is known. 

4. A 16 per cent subsample for deaths in which 
bronchopneumonia was listed as the underlying 
cause of death was included because it was be- 
lieved that acute bronchopneumonia might have 
been the terminal illness listed as the cause of 
death in cases of chronic respiratory diseases. 
The same criteria were used for the contributory 

cause groups except that deaths from broncho- 
pneumonia were excluded unless some chronic re- 
spiratory disease was also mentioned on the cer- 
tificate. Cases in which the physicians had been 
certifying physicians for the underlying cause group 
were excluded from the contributory cause group 
as it was believed that they would not provide any 
additional information concerning the criteria 
which they used. 

The distribution of cases selected for study of 
underlying causes and contributory causes is shown 
in tables 3 and 4, respectively. 

Interviewing methods: Information concerning 
diagnostic criteria was collected from certifying 
physicians using the questionnaire shown in figure 
1. Clearance to interview the next of kin was ob- 


tained from the certifying physician by requesting 
him to indicate if the next of kin should not be 
interviewed. Personal and environmental history 
data were obtained from the person designated as 
the informant on the death certificate, using the 
schedule shown in figure 2. Except in two cases, 
this was the next of kin. Death certificates were 
randomly divided into mail and personal interview 
groups, except for cases in which the informant was 
listed as out-of-state. These, of necessity, were as- 
signed to the mail questionnaire group. Next-of-kin 
interviews were carried out only for the underlying 
cause group, since this group was sufficient to 
answer the questions on comparative efficiency of 
mail and personal interviews. 

To evaluate the questionnaires more effectively, 
a randomly preselected subsample of the mail 
questionnaire groups (physicians and next of kin) 
was personally interviewed. Consistency of answers 
was determined, and any difficulties or ambiguities 
in the questionnaires were discussed with the re- 
spondents. 

Evaluating uniformity of criteria used: Com- 
pleted physician questionnaires for the first 37 
cases in which a chronic obstructive respiratory dis- 
ease was the underlying cause of death were sub- 


| 
| 
: 
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TABLE 3 


Cases Se_ectep ror Stupy wita Curonic Respiratory Disease as UnNpertyine Cause or Deatu 
September—October, 1958, Los Angeles County 


Total Number Cases Excluded Excluded) Cases Excluded 


Cases Excluded 


- ecause of by Veterans > Cases in 
Disease Categories of all Certificates of =< Garener’s — Sample 
Asthma (241)* 12 l 2 0 0 9 
Bronchopneumonia (491) 55 7 2 1 3 if 
Chronie bronchitis (502.2) 0 0 0 0 0 0 
Bronchiectasis (526) 9 0 0 5 0 4 
Other chronic interstitial ll 5 0 1 0 5 
pneumonia (525) 
Pulmonary emphysema 23 0 0 8 0 15 


Totals 110 13 


4 15 3 40 


* Numbers represent International Statistical Classification Code (sixth revision). 


t Seven cases were randomly selected from the 42 remaining in this category. 


TABLE 4 


Cases SeLectep ror Stupy wits Curonic Resprratory Diseases as ConTRIBUTORY 
Causes or Deatu 


May-June 1959, Los Angeles County 


Total Number 


Disease Categories of Certificates 


Cases Excluded Cases Excluded 
because of Age because of 


of Patient 


Cases Excluded Excluded! 
because of Physi 
Autopsy Per Sayer 
cian Partici- Cases in 


Coroner’s formed by Vet- pated in Sample 


Available (less than 35)! Certificate ying | 
pita’ ause Group 
Asthma 16 0 1 0 l 14 
Chronic bronchitis 4 0 0 0 1 3 
Bronchiectasis 7 0 0 1 1 5 
Other chronic interstitial 5 0 0 0 0 5 
pneumonia 
Pulmonary emphysema 35 0 0 ll 3 21 


mitted to a panel of chest consultants who were 
asked to fill out the schedule in figure 3. They did 
not know the certifying physician’s cause-of-death 
entry, nor did they know which questionnaires 
were from the mail group and which were from the 
personal interview group. 


REsvULTSs 


Physicians who specified one of the chronic 
obstructive respiratory diseases as the under- 
lying cause of death were questioned first. Nine 
of twenty questionnaires mailed were returned 
within two weeks; another was returned just 
prior to the follow-up letter which was sent one 
month after the initial mailing. Only one physi- 
cian failed to respond to the follow-up letter. He 
was contacted by telephone, and a personal in- 


terview was arranged. A total of nine questions 
on six questionnaires was unanswered. These 
were completed by telephone calls to the physi- 
cians involved. Seventeen of the originally 
scheduled twenty personal interviews were com- 
pleted in two weeks; the remainder was com- 
pleted within the following month. Five pre- 
selected physicians were personally interviewed 
following the return of their completed mail 
questionnaires. This was done partly to deter- 
mine whether the delay in completion was due 
to a basic difficulty of the questionnaire. Inter- 
views with the one physician who did not re- 
spond and with the preselected physicians indi- 
cated that the questionnaire was not the reason 
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Totals 67 0 | 1 12 6 48 
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for delay. As a result, a more sustained follow-up 
procedure was planned. 

In the second phase, physicians who had listed 
a chronic obstructive respiratory disease as a 
contributory cause were interviewed. Two ques- 
tionnaires from the mail group were returned 
blank, one physician stating that the death in 
question had nothing to do with chronic respira- 
tory disease. This physician was interviewed 
personally. In the second case, the physician 
thought the questionnaire was for the next of 
kin. This questionnaire was returned to him to 
fill out. Seventy-five per cent of the question- 
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second questionnaire was mailed to the six phy- 
sicians who had failed to respond, and four were 
returned within one week. One of the four re- 
spondents suggested contacting another physi- 
cian who was more familiar with the respiratory 
condition of the deceased. The two nonrespond- 
ent physicians were contacted by telephone, and 
a third questionnaire was mailed to them. Be- 
cause a statement had been added to the ques- 
tionnaire asking the physician to state “none” or 
“not applicable” if a particular question did not 
apply, the number of blanks was reduced to two 
each on two questionnaires. Again, these were 


naires were returned within three weeks. A completed by telephone. At the close of the 


Fig. 2. Schedule used in interviewing next of kin. 


CALIFORNIA MORTALITY SURVEY 
STATE DEPARTMENT OF PUBLIC HEALTH 
2151 Berkeley Way, Berkeley, California 

Interviewer 


Length of Interview 


Date of Interview 


File Number —__ Physician’s Name 


1. Identification of Informant: 


2. Identification of Deceased: 


Name 


Name 


Street Address 


“Street Address 


City, State 


Telephone Number 


‘City, State 


Sex Race Age 


Relationship to Deceased 


3. Person Interviewed: 


Date of Death 


4. Reason for Interview with 
Substitute Respondent: 


© Designated Informant 
0 Substitute Respondent 
Name 

Street Address 

City, State 

Telephone Number 


Relationship 


= 
12 
4 | 
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(Fig. 2 continued) 


PART I 
Residence History of the Deceased 


List only places with residences of one year or more. 


A. What was (______)’s usual place of residence at | E. Did (_____) live in this city all of his life? 
time of death? d Yes No 
Street or R.F.D. Address F. Did ( ) move to this place for health or 
City 0 Yes 0 No 


If yes, what was the reason? 


County, State 


B. Was the residence inside the limits of this city? 
O Yes O No © Don’t know 
C. Was the residence on a farm? 
_O Yes OQ No Don'tknow 
D. When did the (______) move to this address? G. When did he move to this city? 
Month Year Year 


| Inside City Move for Health or 

Years? | Limits? | Farm? | ‘Medical Reasons? 
From, To Yes No DK/Yes No DK Yes No 


City OO If yes, reason? 


RESIDENCE BEFORE LAST? 
County, State 


od If yes, reason? 


BEFORE THE ABOVE? 


County, State 


oooo000 


City 


BEFORE THE ABOVE? 


County, State 


City 9.0 If yes, reason? 


BEFORE THE ABOVE? 


County, State 


oooo000 


BEFORE THE ABOVE? 


County, State 


Where was (________) born? City _m.§_______ County, State or Foreign Country —._ 


How long did he live there? 


| 
| 
mt 
| 
| | 
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PART II 
Job History of the Deceased 
List all jobs held in order requested. 


A. When was the last time that (____) worked? | D. Employer’s Name 


Never worked City 


Year 
County and State 
Month, if in 1957 or 1958 


B. What kind of work did he do? E. How long did he work at this job for this em- 


ployer? 


From To 


C. In what industry or business did he work? _ . Did he give up this job for health or medical 
reason? 
0 Yes © No If yes, what reason? 


G. List all jobs held for one or more, years most recent one first. 


| Leave for Health or 


Industry or 
Medical Reasons? 


- City and State 
Business 


Years P > 
From: To | Kind of Work? 


| 
| 
| 
| 


0 Yes 0 No 
If yes, reason? 


Yes No 
If yes, reason? 


If yes, reason? 


Yes No 
If yes, reason? 


O Yes © No 
If yes, reason? 


years.) 

Paints and solvents? 
Dry cleaner for clothes? 
Gasoline and oils? 
Asphalt and tar? 
Creosote? 
Dyes and stains? 
Crop dusts and sprays? 
Tobacco leaves? 
Fluorescent and neon lights? 
Asbestos? 
X-Ray equipment? 

I. Did he ever work as: 
Sandblaster? 
Welder? 
Stone worker? 
Miner? 

If yes, what mining? 
Metal worker? 
If yes, what metals? 


Fry Cook Years 
__— Years Carpenter or sawmill worker? _.. Years 
Mechanie (any type)? .__ Years 
___... Years | J. Did he ever work in: 
Steel mill? VOOrs 
— Grain elevator? Years 
__.. Years Road construction or 
maintenance? Years 
Years Smelter? Years 
__— Years if yes, what motal? 
Any other dusty jobs? O Years 


| 


| | 
| | 
| 
| 
| 
—— — | | 
| | | 
| 
Ly O Yes © No 
—i—| | | 
| 
H. Did (____) ever work at a job handling: 
‘ (If so, mark box and record total number of : 
__— Years 7 
Years | 
—___.. Years | q 
5 
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(Fig. 2 continued) 


PART III 
Cigarette Smoking Habits of the Deceased 


A. As far as you know did (___) smoke as many as 5 to 10 packs of cigarettes during his entire lifetime? 


O Yes If yes, 0 No If no—Skip to Part IV 
B. During the 12 month period before death, did (___) smoke cigarettes? 
1. CO Yes (Ask questions below) 2.0 No (Ask questions below) 
a. How many cigarettes did ( ) smoke a a. Do you know when (___) stopped smoking? 
day on the average during this period? 
1. © Smoked once in a while, not every 1. O Yes When? 19__ (year) 
day 2. 0 No 

2. © Less than 10 cigarettes (less than 'y 


pack) b. Before (___) stopped smoking, about how 
3. CO Between 10 and 20 cigarettes (‘9-1 many cigarettes did he smoke on the aver- 


pack) age each day? 
4. CO Between 21 and 40 cigarettes (1-2 
packs) 1. © Smoked once in a while, not every day 
5. O Over 40 cigarettes (over 2 packs) 
b. Do you know when ( ) started to 2. © Less than 10 cigarettes (less than 4 
smoke at this rate? pack) y 
1. © Yes When? 19 _ 3. 0 Between 10 and 20 cigarettes ('g-1 
2. 0 No pack) 
ec. Before ( ) smoked at this rate about 4. O Between 21 and 40 cigarettes (1-2 
how many cigarettes did he smoke on the packs) 
average each day? 5. © Over 40 cigarettes (over 2 packs) 
cigarettes 
C. Do you know how old ( ) was when he first started to smoke cigarettes regularly? 
1. OC Yes How old was (___)? 2.0 No How old was (___) when you first knew that he 
smoked cigarettes? 
___.years of age = vears of age 
D. Did | ) ever stop smoking or change his smoking rate for health or medical reasons? 
1.0 No 2. 0 Yes If yes, how recently? 19 (year) 3. O Don’t know 
E. What was the largest number of cigarettes ( ) ever smoked regularly each day? 
1. CO Smoked once in a while, not every day 4. © Between 21 and 40 cigarettes (1-2 packs) 
2. © Less than 10 cigarettes (less than ‘yg pack) 5. © Over 40 cigarettes (over 2 packs) 
3. O Between 10 and 20 cigarettes (49-1 pack) 
F. How long did (___) smoke at this rate? ; (years) 
PART IV 
Cigar and Pipe Smoking Habits of the Deceased 
A. Did ( ) ever smoke any cigars? D. Did ( _) ever smoke a pipe? 
1. O No (Skip to question D) 1. O No (skip to Part V) 2.0 Yes 
E. Do you know how old he was when he started 
B. Do you know how old he was when he started to to smoke a pipe? 
smoke cigars? 1. CO Yes How old was he? __ years of age 
1. 6 Yes How old was he? years of age 2.0 No How old was he when you first 
2.0 No How old was he when you first knew knew he smoked a pipe? nae 
he smoked cigars? vears vears of age 
of age ~- 
_ - F. What was the largest number of pipefuls he 
C. What was the largest number of cigars he smoked regularly each day? 
smoked regularly each day? 1. CO Smoked once in a while, not every day 
1. CO Smoked once in a while, not every day 2. © Less than 5 pipefuls 
2. OC 1 or 2 cigars 3. O Between 5 and 9 pipefuls 
3. 0 3 or 4 cigars 4. CO Between 10 and 19 pipefuls 
4. © 5 to 8 cigars 5. © 20 or more pipefuls 
5. © 9 or more cigars 
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E. Was (___) ever more short of breath than most people his age when hurrying or walking up hills? 
OYes ONo ODon’t Know If no or don’t know, skip to Section F 
If yes, then at what stage of his illness? © Beginning __OMiddle Stage  OlLast 12 months 


STAGES OF (___)’S ILLNESS 


Beginning Middle Stage Last 12 Months 
| 


“Yes. No Yes No DK Yes | No 


Did (___) have to walk slower than other@peo- | 
ple his age because of shortness of breath?" 


Did (___) ever have to stop for breath when | 
walking at his own pace on level ground? 


Did (___) ever have to stop for breath after | 0 Oo oO Oo 0 
walking about 100 yards (or a few minutes) on 
level ground? 


F. Did (__) suffer from frequent colds? 0 Yes 0 No 0 Don’t Know _ 
How many colds per year did (___) have at: 
The beginning of his illness , during the middle stage ___, and during the last 12 months — 


Middle Last 12 Months 


| Yes | No | DK| Yes | No | DK| Yes! No | DK 


Did ( )’s seem to go to his chest 0 Oo 


Did (___) have a cough with his colds? 0 Oo 


G. When his first started was | H. Dalles the bine year was 
working regularly was he ever forced to stay at | regularly was he ever forced to stay at home 
home because of breathing or respiratory diffi - because of breathing or respiratory difficulty? 
culty? 

OYes ONo ODon’t Know OWas not ey OYes ONo ODon’t Know OWas not work- 
regularly ing regularly 

(Skip to Sec- 

tion I) 

If Yes: If yes, then 

1. For how long was (____) forced to stay | 1. For how long was (___) forced to stay 
home? 

3. What time of the year was it?__ 3. What time of year was s it?__ adic 

4. Was the respiratory difficulty caused iby a a | 4. Was the respiratory difficulty caused by a a 
cold or was there a cold associated with it? cold or was there a cold associated with 
OCaused by a cold it? 

OCold associated with it OCaused by a cold 
OCold associated with it. 
5. How often did it aappent 5. How often did it happen?__.__=> EEE 


Between the time that (___) illness changed and the last 12 months when ( __.) was working regu- 
larly was he ever forced to stay home because of breathing or respiratory diffie ulty? 
0 Yes ONo O Don’t Know OWas not working regularly 
If yes: 1. For how long was (___) forced to 4. Was the respiratory difficulty caused by a cold 
REE STEELE TE or was there a cold associated with it? 
2. What was the job?_____ ‘ OCaused by a cold 
OCold associated with it 
3. What time of year was it?__ . How often did it happen?___»>__> EEE 


J. Has any pn member of your family mmodinte or ot horwiee « ever suffered from symptoms similar 
to those (____) had? 
_OYes ONo O Don’t Know 


- 
DK 
: 
| 
4 
I. 
4 
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PART V 
Medical History of the Deceased 
Now we would like to separate ( )’s respiratory illness into three stages: the beginning of his 


illness, the time between his illness becoming worse and the last 12 months of his life and finally, 
the last 12 months of his life. 


. When did (___.)’s illness first start? years | B. Did (___) have any of the following? 
ago Cough? OYes ONo ODK 
From the time the illness first started and the Cigarette or smoker's 
last 12 months of life did the ( ) illness cough? OYes ONo ODK 
change? Coughing spells? OYes ONo ODK 
OYes ONo Morning cough? DYes ONo ODK 
If yes, If no or don’t know, skip to Section D. 
1. Was the change sudden? O Yes ONo If yes to any of the above, at which stage of 
2. Was the change gradual? O Yes ONo illness did it occur? 
How long was the time between (_____)’s first ill- O Beginning 
ness and the time that his illness changed ? OMiddle Stage 
. Years ___. Months OLast 12 Months 
What was the length of time between the 
change in (____)’s illness and the last 12 months? 
Years Months 


STAGES OF (___)’S ILLNESS 


Beginning Middle Stage |Last 12 Months 
Check One Box'Check One Box Check One Box 


Did not cough Oo oO oO 
Only when he had a cold oO oO 0 
Less than 3 days a week oO 
How frequently 3 to 6 days a week oO oO oO 
did (__) cough? Some every day 0 
A great deal every day oO oO oO 
Don't know oO oO o 
Did not cough Oo Oo oO 
Required cough medicine oO 
Often disturbed his sleep 0 oO oO 
How severe was . 
( )'s cough?) Occurred in attacks or spasms 0 
Was associated with breath- 
Don’t know oO oO oO 
. Did | _) ever bring up any phlegm or sputum in the morning or at any other time of the day or 
night? 


0 Yes ONo ODoen't Know 
If no or don’t know, skip to Section E. 
If ves at any stage of illness, complete the following question : 


STAGES OF (___)’S ILLNESS 


Beginning Middle Stage Last 12 Months 
Check One Box'Check One Box Check One Box 


None oO 
Seanty 0 

What did it look White or mucous o 
like? Yellow or greenish oO 
0 


Occasionally bloody 


0,0 


Don't know 


: 
| 
| | 
C. 
: 
J 
| 
i 
f 
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Fic. 3. Questions asked of consultants for cases 
in which chronic obstructive respiratory disease was 
underlying cause of death. 


Check Appropriate Box 

cay . Cause of death estab- 
lished by information 
collected that 
cause of death is 


. Cause of death cannot 
clearly be allocated to 
one specific disease but 
is clearly a chronic re- 
spiratory disease. 

. Chronic respiratory 
disease is not clearly 
the cause of death. 

. Chronic respiratory 
disease is not the cause 
of death. 

. Insufficient data en- 
tered on form to estab- 
lish any cause of 
death. 


Additional Remarks: 


study, four questionnaires had not been re- 
turned: the one which was returned to the phy- 
sician, the case referred by the certifying phy- 
sician, and the two cases requiring a third 
questionnaire. It was thought that, with more 
sustained follow-up, these questionnaires would 
have been completed. Therefore, in summary, 
twenty of twenty-four questionnaires were com- 
pleted in three weeks. Aside from scheduling the 
time of interview, there was little difficulty in 
seeing the physicians. 

On interviewing the 5 preselected physicians 
from the mail questionnaire group of physicians, 
no significant differences were observed in com- 
paring information collected by personal inter- 
view and by mail questionnaires. Again, a lack 
of sustained follow-up caused the delay; it was 
not inherent difficulties of the questionnaire 
design. 

The majority of the physicians interviewed in 
both groups referred to their records as questions 
were asked. Several stated that they had re- 
cently reviewed their records. A few—less than 
10 per cent—stated that there was no record or 
that the only record available was in a hospital 
or institution. Each interview took from ten to 
fifteen minutes. None of the physicians gave any 
indication that they were unwilling to give at 
least that much time. 

Analysis and interpretation: There was no es- 
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sential difference concerning criteria for select- 
ing a given cause of death between the sample 
based on underlying causes compared with con- 
tributory causes of death. In the 7 cases of 
bronchopneumonia, it was found that these 
cases represented acute respiratory conditions 
without discernible preceding or underlying 
chronic respiratory disease. Hence, bronchopneu- 
monia cases were not included in the second 
phase of the study. The criteria used by physi- 
cians were based primarily on information pro- 
vided in questions 2 and 3 of the physician ques- 
tionnaire. 

These questions elicited the signs and symp- 
toms associated with chronic obstructive ven- 
tilatory disease and a history of illness consistent 
with such diseases. The specific criteria which 
were used most frequently are indicated in 
table 5. It is indicated in table 5 that roentgeno- 
graphic studies were also considered important, 
primarily in cases of pulmonary emphysema. 
When the physicians were asked which types of 
data they considered of importance in determin- 
ing a cause of death (question 8) they also 
stated that the signs, symptoms, and history of 
illness were the important types of data. No 
specific group of symptoms was present in one 
diagnostic category and not in another. 

The first 37 questionnaires to be completed 
were submitted to the panel of consultant chest 
physicians in two randomly divided groups. Two 
physicians were asked to comment on each ques- 
tionnaire. The number of cases involved was too 
small for statistical evaluation. From table 7, 
it appears that the consultants agreed among 
themselves as to diagnosis more often than each 
one agreed with the physician who completed 
the questionnaire. The consultants’ opinions of 
the adequacy of the information collected (table 
8) indicate that the personal interview question- 
naires were more adequate than the mail ques- 
tionnaires. The numbers are not significant. The 
difference may represent an artifact since, with 
the personal interview group, the consultants 
dealt with the edited work of one person, the 
interviewer. With the mail questionnaire group, 
the consultants dealt with the multitude of 
ways physicians use to answer questions. 

Evaluation of the next-of-kin questionnaires 
is in a more preliminary stage. Except for one 
refusal, the first 40 persons questioned were ap- 
proached either by mail or personal interview 
without difficulty. In this one case, the physician 


( ) 3 

4 
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TABLE 5a 
Unpertyine Cause Group 
Tyres or Data Consiperep PERTINENT BY PHysiciaANs IN MAKING 


DiaGnoses or Curonic Resprratory Disease 


Signs and 


Total Symptoms 


Total K 26 
Asthma Ss 
Chronie bronchitis 0 
Other chronic interstitial | 

pneumonia 
Bronchiectasis 
Pulmonary emphysema 


History 


Roentgen- 
ographic 


Laboratory Therapeutic 
Studies Tests 


este Other 


16 13 
1 ‘ 0 
0 0 


4 0 
3 
0 | 10 


* This category includes: bronchoscopy, pulmonary function tests, autopsy findings, electrocardi- 


ographic reports, and any other unclassified data 


t Seven cases of bronchopneumonia are not included (see text). 


TABLE 56 
Contrisutory Cause Group 
Tyres or Data ConstperReD PERTINENT IN MAKING 


DiaGnoses or Curonic Respiratory Diseases 


Signs and 


Total Cases Symptoms 


Total 4H 32 

Asthma 14 

Chronic bronchitis 3 

Other chronic interstitial 2 
pneumonia 

Bronchiectasis 4 

Pulmonary emphysema | 21 


History 


Roentgen- 
ographic 
Studies 


Laboratory Therapeutic 


Tests Tests Other* 


1 
8 


graphic reports, and any other unclassified data. 


was interviewed again, and he said he should 
have advised against an interview with the wife 
of the decedent. Bereavement in the other cases 
did not seem to be a handicap. Each personal in- 
terview required about one hour, and the per- 
sonal interviews were not significantly more com- 
plete than the mail interviews. 


Discussion 


The follow-back approach, while not new (5) 
had never been tried with the chronic obstruc- 
tive respiratory diseases under study. The tech- 
nique appears to be adequate to determine the 
criteria physicians use in diagnosing these dis- 
eases. The follow-back approach may provide 
new opportunities for epidemiologic studies of 
respiratory disease. First, the technique may 
determine whether the sharp rise of deaths from 
these diseases is more apparent than real. By 


* This category includes bronchoscopy, pulmonary function tests, autopsy findings, electrocardio- 


learning through repeated studies whether 
changes occur in the criteria physicians are 
using, it may be possible to determine whether 
diagnostic practices are changing or if the true 
incidence of these diseases is increasing. Second, 
the findings suggest that these diseases cannot 
be completely separated from each other. If, by 
determining the diagnostic criteria physicians 
use, it is found that they do not really separate 
these diseases one from the other, then—at least 
for statistical and epidemiologic purposes—the 
whole group of diseases can be considered to- 
gether. Goldsmith (1) has discussed the epidemi- 
ologic implications of this possibility. Third, the 
influence of environmental exposures, such as air 
pollution, occupation, and smoking, may be 
studied by follow-back methods, thus facilitating 
the prevention of obstructive ventilatory dis- 
eases. 
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TABLE 6a 


Unperiyine Cause Group 


Criteria Usep sy Puysictans In More THAN 50 Per Cent or Cases 


Increased History 

Cough Sputum | Wheezing Dyspnea Rales Pr = 

Diameter phragm Illness 
Total 33° 27 19 21 26 28 22 20 24 
Asthma 9 7 6 7 7 7 7 7 5 
Chronie bronchitis 0 0 0 0 0 0 0 0 0 
Other chronic intersti- 5 5 2 2 4 3 4 

tial pneumonia 

Bronchiectasis 4 3 2 2 2 3 3 4 4 
Pulmonary emphysema 15 12 9 10 13 15 10 8 ll 


* Seven cases of bronchopneumonia are not included (see text). 


TABLE 66 


ContTrisputTory Cause Group 


Criteria Usep By Puysicians in More THAN 50 Per Cent or Cases 


Total 
Cases 


Cough 


Total 44 37 

Asthma 14 10 

Chronic bronchitis 3 3 

Other chronic interstitial pneu- 2 2 
monia 

Bronchiectasis 4 3 


Pulmonary emphysema 21 19 


This pilot study showed no apparent difference 
between the criteria physicians use for assigning 
chronic obstructive respiratory diseases as un- 
derlying causes of death and the criteria used in 
assigning them as contributory causes of death. 
Also, it showed that, as far as the physicians 
were concerned, the same wording of questions 
may be used to study both underlying cause 
groups and contributory cause groups. 

In addition to performing the functions of 
a pilot study, the writers believe that the less 
expensive mail questionnaire could be used 
effectively. It is apparent from this study that 
about as much information can be obtained by 
mail questionnaire as by personal interview. This 
makes it possible to carry out a large-scale study 
at a reasonable cost. 


SuMMARY 


A technique to obtain additional information 
about people who die from a specific group of 


Increased History 
| i - 
Sputum Wheezing —— ae Dyspnea Rales of 
| Illnesses 


Diameter 


30 28 37 30 29 
7 14 7 13 9 11 
3 1 1 1 2 2 
0 2 1 2 1 1 
2 2 2 3 4 4 
15 11 17 18 14 11 


TABLE 7 
DiaGnosis BY Cuest ConsuLTANTS 
Diagnosis Diagnosis 
Total Sanne Different Diagnosis 
Cases | Diagnosis Di from not Deter- 
Evalu- y iagnosis mined by 
ated Individual I ant Consulting 
Physician |! ividual | Physician 
Physician 
Consultant A 18 4 5 9 
Consultant B 18 4 3 ll 
*Consultants 18 3 4 6 
A and B 
Consultant C 19 S 4 
Consultant D 19 8 2 9 
*Consultants 19 6 2 3 


C and D 


* Consultants A and B saw the same cases: 
Consultants C and D saw the same cases. There- 
fore, the row marked ‘‘Consultants A and B”’ and 
the row marked “‘C and D” indicate the number 
of cases in which the consultants agreed with 
themselves and either agreed or disagreed with 
the case physician, or did not determine diagnosis. 
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TABLE 8 
CoMPLETENESS OF QUESTIONNAIRE AS DETERMINED BY CONSULTANTS 


Consultant A 


Mail Per- 
Ques- sonal 
tion- Inter- 
naire view 


Total 


7 il 


. Cause of death estab- 4 7 
lished 

. Cause of death not 
clear but is a chronic 
respiratory disease 

. Chronie respiratory 
disease not clearly | 
cause of death 

. Chronie respiratory 
disease not cause of 
death 
Insufficient data to 
establish any cause of 
death 


chronic obstructive respiratory diseases has been 
designed. These diseases include asthma, chronic 
bronchitis, bronchiectasis, pulmonary fibrosis, 
and pulmonary emphysema. A comparison of the 
efficiency of mail versus personal interview meth- 
ods was made. Physicians were interviewed to 
determine the diagnostic criteria used, and the 
next of kin were interviewed to determine what 
role environmental factors may have played in 
the course of a decedent’s pulmonary disease. 
From the results of this pilot study, it appears 
that about as much information from physicians 
and next of kin can be collected by mail query as 
by personal interview, 


SUMARIO 


Estudios Epidemiolégicos de la Enfermedad Ven 
tiladora del Pulmén. Il. Aborde de 
Retro-Observacién para Estudiar la Mortalidad 


Oclusiva 


Debida a las Enfermedades Ventiladoras 
Oclusivas del Pulmén: Resultados de 
un Estudio Explorador 


Se ha elaborado una técnica para obtener mayor 
informacién acerca de las personas que fallecen de 
un grupo especifico de enfermedades oclusivas 
crénieas del aparato respiradorio. Comprenden 


estas enfermedades cronica, 
bronquiectasia, fibrosis pulmonar y enfisema pul 
monar. Se hizo una comparacién de la eficacia de 
los métodos de correspondencia y de entrevista 


personal. Se interrogé a los médicos para determi- 


asma, bronquitis 


Consultant B 


Consultant C Consultant D 


sonal 
Inter- 
view 


Ques- 
tion- 
naire 


nar las pautas de diagnéstico y a los allegados para 
determinar qué papel pudieron haber desempe- 
fiado los factores del ambiente en la evolucién de 
la enfermedad pulmonar del fallecido. Por los 
resultados de este estudio parece que puede aco- 
piarse mds 0 menos tanta informacién de parte de 
los médicos y los allegados por encuestas por 


correo como con entrevistas personales. 


RESUME 


Etudes épidémiologiques de maladie ventilatoire 
obstructive du poumon. IIT. Un 


pour suivre rétrorespectivement la mortalité des 


moyen d'étude 
maladies ventilatoires obstructives du poumon: 
résultats d'une étude-pilote 


Les auteurs ont inventé une technique pour 
obtenir des informations supplémentaires sur les 
personnes qui meurent d’un groupe spécial de 
maladies chroniques respiratoires obstructives. 
Ces maladies comprennent l'asthme, la bronchite 
chronique, les bronchiectasies, la fibrose pulmo- 
naire et l’emphyséme pulmonaire. On a comparé 
l'efficacité de la correspondance aux méthodes 
d’entrevue personnelle. On demanda aux médecins 
de déterminer les critéres de diagnostic utilisés, 
et le plus proche parent fut interrogé pour déter- 
miner quel réle ont pu jouer les facteurs de milieu 
dans |’évolution de la maladie pulmonaire du dé 
cédé. D’aprés les résultats de cette étude-pilote, 
apparait que l'on peut obtenir A peu prés autant 
d'information des médecins et du plus proche 
parent par demande écrite, que par entrevue 
personnelle. 
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THE EXPIRATORY SPIROGRAM' 
HOWARD DAYMAN 


(Received for publication October 21, 1960) 


INTRODUCTION 


To warrant diagnostic acceptance, the expira- 
tory spirogram should exhibit a reproducible con- 
figuration which reflects the underlying physical 
state of the respiratory tract. Justification for its 
use has depended mainly on inspection of the 
tracings and on the appraisal of certain gross in- 
dices of flow or volume. A few studies have sug- 
gested that certain aspects are reproducible or 
related to specific features of bronchopulmonary 
dynamics. The present writer has observed that 
the abrupt decline of flow in emphysema was re- 
lated to the check-valve mechanism (1). Pierce 
(2) found that outflow in health followed much 
the same course whether expiration was passive 
or forced, despite a tenfold difference in pressure. 
Hyatt (3) reports that the first half of expiration 
is effort dependent and variable, while the last 
half adheres to a consistent pattern with rate of 
flow linked to volume. 

The purpose of the present study is to test the 
diagnostic validity of the spirogram through de- 
tailed analysis of flow during a forced vital ca- 
pacity expiration. Normal limits are determined 
and departures therefrom are defined in a large 
number of patients suffering from ventilatory dis- 
orders. Cases are classified by disease and are fur- 
ther grouped according to the primary mechanical 
derangement which, it is found, exerts a dom- 
inant influence on the character of the spirogram. 
Categories include: restriction of the volume of 
displaceable air, intrinsic airway obstruction, de- 
creased lung tension with respect to the degree of 
inflation, and the opposite condition of increased 
lung tension. 

There are uncertainties which beset analysis of 
naturally occurring clinical phenomena. Action of 
one factor cannot be divorced from other factors 
caused by complications or associated disease, 
short of experimentally creating the isolated con- 
dition in an otherwise healthy human subject. 
This would be a difficult undertaking for most of 
the factors of interest in this study. However, 
the cause of an observed effect may often be 


Park 


1From the Medical Division, Roswell 
Memorial Institute, Buffalo, New York. 


postulated by invoking current knowledge of res- 
piratory mechanics, supported, when necessary, 
by confirmatory physical measurements. Factors 
which cannot be isolated may still be altered to 
permit comparison. Among these are force, vol- 
ume, lung tension through change of volume, and 
bronchospasm under the influence of adrenalin- 
like medication. Findings derived by such means 
have suggested a general concept of ventilatory 
mechanics which has been found useful in diag- 


nosis. 
MATERIAL AND Metuops 


Method: A 6-liter spirometer was modified for 
the purpose. A 4 r.p.m. motor gave the record a 
surface speed of 32 mm. per second. The subject 
breathed through 10 inches of brass tubing, 1.5 
inches in diameter, the end of which was squeezed 
to ensure a l-inch gap between the teeth and 
flanged to seal behind the lips. Thus modified, 
the device will record the ebb and flow of 4 ce. 
of air fourteen times a second. Capacity for such 
rapid response gives credence to the indications 
of sudden change of flow rate in the spirogram. 

An alternate instrument was the pneumotacho- 
graph, convenient for other breathing maneuvers, 
such as successive coughs. It comprised the usual 
screened breathing tube tapped for gradient across 
the screen, a P97 strain-gauge transducer, and 
Sanborn amplifier/recorder. Response was linear 
up to about 8 liters per second, the range of 
greatest interest. To secure the same prompt re- 
sponse to flow in either direction, it was found 
advisable to include a small chamber in the tubing 
going to one side of the diaphragm to equalize 
volume on either side. The tubing was likewise 
passed through squeeze blocks so that flow resist- 
ance to either side of the diaphragm could be 
equalized. Resistance of the screen varied from 
time to time, so a breath was blown through the 
PTG tube into the spirometer which could be 
expected to record volume accurately. If the inte- 
grated PTG curve did not give a volume which 
matched that of the spirometer, a correction factor 
was introduced. Patterns of flow for both instru- 
ments compared so well that they are used inter- 
changeably in this report. Maximal breathing 
capacity was measured with the spirometer. For 
typical subjects of each group, lung tension was 
measured through the range of vital capacity by a 
simplified method which, with a little practice, 
gave results comparable to those recorded by a 
strain gauge. During brief interruption of flow, the 
difference of pressure between the mouth and 
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Fic. 1. Expiratory flow in the normal adult male: 

A: Solid line is the spirogram traced with the spirometer. 

B: Points marked + were plotted by integrating the pneumotachogram of D. 

C: The points marked + are from the spirogram (SPG) of A. Critical flow plotted against volume 
exhaled gives a straight line. The three parts of the spirogram are shown, the initial effort-de- 
pendent part, the period of critical flow, and the small terminal part. At transition from critical 
flow to terminal flow a change in rate of deceleration creates a small ‘“‘hook”’ in the plot of flow 
against volume. This is uniformly present, cause unknown. Points marked o are plotted from the 


succession of coughs in EZ. 


D: Pneumotachograph of a maximal expiration. 


E: Pneumotachograph of a succession of coughs. 


esophagus was read on a small-bore cistern type 
of manometer. 

Patients were asked to start the exhalation 
energetically, so peak flow was reached almost 
immediately and was identified as the point having 
the most acute angle with the vertical. If a tangent 
to this point is extended upward until it intersects 
a transverse line at the level of zero volume, the 
intersection provides a fairly standard point of 
departure for timing the spirogram. Any method 
would be arbitrary. This one assumes that accel- 
eration of flow is instantaneous. From the slope of 
line, peak flow and flow at tenth-second intervals 
were measured and plotted against volume on a 
separate graph which accentuates features which 
would otherwise be overlooked. The same plot 


can be made from the pneumotachograph tracing 
of a maximal expiration or for a series of identifi- 
able points in a succession of coughs. The results 
with all methods are illustrated in figure 1. 
Clinical material: The conditions studied are 
listed in table 1. Forty-eight subjects were normal 
in their denial of respiratory symptoms or disease. 
The remainder were patients seeking relief of 
symptoms or offering them as a basis for pension. 
The patients received complete histories and 
physical examinations, chest roentgenograms or 
fluoroscopies, and additional tests when indicated. 


The Normal Spirogram 
Descriptive features: Essential elements of one 
spirogram can be found in all others. Differences 
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Clinical Goup 


Normal 


Weak or ineffective bel 
lows 


Obesity 


Pregnancy 


Ablation 
Inactive tuberculosis 
Boeck's sarcoid 


Silicosis 


Bronchitis 
Asthma, active 


Asthma, natural remis- 
sion 


Emphysematous bullae 


Anatomic emphysema, 
dry generalized 
Anatomic emphysema 
with bronchitis or 
asthma 


Interstitial pneumonitis 
Other 


Total 


HOWARD DAYMAN 


TABLE 1 


48 12.7 


Reduced Volume of Displaceable Air: Bellows 


6 Poliomyelitis 


1 | 2.5 

Transected cord at C-7 1/1.7 
Chest deformity 4 3.0 

5 — | 2.5 
— | 2.9 


Reduced Volume of Displaceable Air: Parenchyma 


| 
| 


17 Uncomplicated i | 2.7 
With bronchitis and emphysema 61.4 
33 | Uncomplicated 18 | 2.2 
With bronchitis and emphysema 15 | 1.7 
3 Uncomplicated 2 | 2.6 
With emphysema 1; 1.4 
27 Without emphysema 12 | 2.2 
With emphysema 15 1.6 
Intrinsic Airway Obstruction 
25 = 
17 — 
Before bronchodilators) 8 
After bronchodilators /{ 
13 _ 
Reduced Lung Tension, Emphysema Group 
7 No bronchitis 3 | 2.4 
Bronchitis before bronchodilators) 4 1.2 
Bronchitis after bronchodilators | 1.5 
33. dV/dV measurable 15 | 1.5 
Not measurable 18 - 
45 -|1.2 
Before bronchodilators 14 
After bronchodilators { 1.6 
Increased Lung Tension 
15 | Uncomplicated 12 4.9 
With emphysema 3 | 2.0 
31 
326 


Range 


1.7-3.9 | 


| 


on 


3.0-14.0 
1.4-2.6 


Useful 


Maxi- 
mal 


Volume (Critical 


liters 


3.2 


& © 


1.8 
1.4 


Flow 


L./ sec. 
9.1 


= 
— 
= 
2.0 
2.6-3.1 5.4 
2.0-2.7 7.7 
| 5.0 
| 4.8 ; 
| 3.2 
4.6 
0 3.2 
6.2 
1.4 
mE: 
2.6 
1.0-3.0 43 
0.5-1.8 2.6 
OM 6 1.7 
1.7-2.8 4.9 
| 
29-28 
1.0-2.3 4.1 
0.8-4.0 1.4 
0.3-2.6 2.2 
1.8 
1.1 2.7 
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are quantitative. The normal spirogram provides 
a basis for reference. It is divisible into three 
parts (figure 1C). 

The first part, the effort-dependent phase, in- 
cludes the period of acceleration, peak flow, and 
the very first part of the deceleration to the point 
at which deceleration becomes abruptly slower to 
mark the beginning of the second phase. Duration 
of the first part is found to be less than 0.1 second; 
and the volume, less than 1 liter. The greater the 
initial effort, the higher the peak of flow; and, 
within certain limits, the smaller the volume. 
Expiratory restraint can protract the effort-de- 
pendent phase to the extent described by Hyatt 
(3). The margin by which peak flow of the first 
phase exceeds that of the second phase is a crite- 
rion of adequate effort. The deeper the inspiratory 
position at which expiration is initiated, the larger 
the volume (all else being constant) and the higher 
the peak of flow. 

Plotting flow against volume brings out the 
abrupt assumption of a slower uniform rate of 
deceleration which marks the transition to the 
second phase. Cough entails the highest initial 
pressure and magnifies the misalignment of flow 
between the phases. In a succession of coughs, the 
junctures are marked by darts (figure 1£), and 
toward the expiratory position the tracings are 
not only angulated but notched. 

These phenomena are implicit in the check- 
valve mechanism described earlier (1, 4,5). Within 
the airways during flow, pressure declines down- 
stream, but the airways are subjected externally 
to pressure of the enclosing thoracic space. Com- 
pression narrows them. This brief period of adjust- 
ment delimits the first phase of the spirogram 
(SPG) and its completion is designated point of 
closure (POC) (figure 1). Glottic obstruction re- 
stores the airways to static size determined by the 
volume of the lungs, mediated through lung ten- 
sion. Each cough starts with a new effort-depend- 
ent phase. Greater expiratory effort hastens the 
adjustment, elevates peak flow, and limits volume. 
It can momentarily compress the airways too 
much, whereupon they rebound—the notch in the 
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cough tracing—or flutter if the process is repeti- 
tive. The last-named manifestations are prone to 
occur when resistance in upstream airways is 
high, physiologically near the expiratory position, 
and pathologically in asthma or emphysema. 

The second part of the spirogram, designated 
the phase of critical flow, begins with the point of 
closure. The terminus varies somewhat from sub- 
ject to subject, but error is not serious if it is con- 
sidered to end at the place where flow decreases to 
0.5 liters per second. There, an abrupt momentary 
decrease of deceleration imparts a small hook to 
the plot for flow against volume. Flow is called 
critical because flow is not altered when the sub- 
ject exceeds the threshold of pressure necessary to 
produce it. The pattern for successive coughs is 
identical with that of uninterrupted forced expira- 
tion (figure 1C and £). Expiratory restraint pro- 
tracts the first phase, delaying the emergence of 
critical flow. But since the requisite pressure for 
producing it decreases as the lungs become 
smaller, critical flow does ultimately appear. Re- 
straint rendered the first half of the spirogram 
effort-dependent in Hyatt’s study (3). At a given 
point in the vital capacity, critical flow is fixed 
regardless of excessive effort. This is one of the 
two essential characteristics of critical flow. 

The second is a uniform rate of deceleration 
with respect to volume, in healthy subjects 
amounting to a decrease of 2.7 liters per second 
for every liter exhaled. Flow plotted against vol- 
ume gives a straight line. Volume plotted against 
time gives a J-shaped exponential curve, the 
spirogram itself. In healthy subjects the check- 
valve mechanism regulates flow instead of vir- 
tually arresting it, as happens in advanced em- 
physema. A check-valve properly spring-weight Sd 
against closure becomes a flow-control valve. Ku- 
man airways embody the necessary elements. 
Large downstream airways, those subjected to the 
greatest compression, are equipped with cartilagi- 
nous arcs completed posteriorly by a membrane. 
This invaginates under external pressure, stress 
ing the cartilage which is designed to offer graded 
resistance to deformation. Pressure difference be- 


This table describes salient aspects of flow for diseases classified according to the physical abnormality 
of lung on which the principal spirographic feature depends, the primary mechanical derangement. 
Conditions may limit displaceable volume by direct interference with bellows excursion, or may do so 
indirectly by reducing the volume of air available for displacement. These are different mechanisms, 
but they produce the same result in the spirogram because a large amount of lung inflated to less than 
maximal volume has the same outflow pattern as a small amount of lung fully inflated to the same vol- 
ume. Likewise, there are two mechanisms for intrinsic obstruction, bronchospasm and secretions, but 
clinical designations do not lend themselves to their separation. Intrinsic obstruction is distinet from 
that due to loss of lung tension through parenchymal breakdown. The former is responsive to broncho- 
dilators while the latter is fixed. Although increased lung tension reduces displaceable volume, the 
salient spirographic features are concerned with flow; hence, it falls in a separate group. 

The group marked ‘“‘other”’ is included for completeness. Some subjects were not clinically classifiable. 
In others there were cardiae conditions, the airflow characteristics of which are at times difficult to ex- 
plain. 

Frequency of complications emphasizes the difficulty in obtaining conditions in pure form for study. 
Even when a single condition is designated, complicating disease was doubtless present in some degree 
even though it might be in occult form. 
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tween the outside and the inside of the airway, 
and hence the degree of narrowing, depends on the 
canalicular pressure gradient between the down 
stream airways and the upstream terminal spaces 
which surround them. Greater effort, by accen- 
tuating the gradient, further narrows the down- 
stream airways, increasing their resistance to 
flow, which thereby becomes fixed at a level pre- 
determined for that position in the vital capacity. 
But the gradient also varies with resistance to 
flow in upstream airways, the bronchioles for 
example. For these, location minimizes check- 
valve compression. Diameter is determined by the 
static pressure of lung tension. Hence, the level at 
which flow is fixed becomes progressively lower as 
the exhalation proceeds. Rate of critical flow 
varies inversely with the volume of inflation 

The first and second parts, together, comprise 
the useful volume. A small terminal part com- 
pletes the vital capacity of which it comprises 
approximately 11 per cent, or roughly half a liter 
in the healthy subject. In this part, flow is too 
slow to be physiologically useful. It must be con- 
sidered separately for several reasons. Flow tends 
to be erratic in the terminal portion, unlike the 
preceding critical flow. In advanced emphysema 
it makes up more than half the vital capacity. In 
the present experiments, transition from the sec- 
ond to the third part of the vital capacity takes 
place at the point at which lung tension becomes 
zero. The terminal part seems uniquely to be ex 
truded at slow leakage flow under conditions of 
depleted lung tension. 

Quantitative aspects: Critical flow from normal 


composite 
Six CONSECUTIVE 
WEALTHY SUBVECTS 


Fic. 2. Four of the 6 normal subjects were 
women. The series of dots trace the spirogram. 
Note the three parts: First, an introductory 
phase; then critical flow which is identical for all 
6 subjects: then a variable terminal portion. 
Except for the small initial and terminal portions, 
normal spirograms have one unvarying configu- 
ration, differing only in length. 
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lung is distinguished by an unvarying value for 
change of flow with respect to change of volume 
(dV /dV). In 48 normal subjects, 24 of them male, 
it was 2.7 + 0438.D., range 1.7 to 3.9 (see table 1). 
The great majority, 42 in number, fell within the 
range 2.2 to 2.9. The normal subjects comprised a 
random sample of those claiming to be healthy, 
but some may well have harbored some occult dis- 
order of airways or parenchyma. In every in- 
stance, 72 per cent or more of the vital capacity 
was expelled in the first second. Vital capacities 
averaged 97 per cent of the values predicted by the 
equation of West (6). Breathing capacities were 
within normal range by the standards of Baldwin 
(7). Values for dV/dV did not significantly vary 
for males and females. Stature did not affect it. 
The value was the same for 4 children. Finally, 
the lung remaining after surgical ablation, provid- 
ing it was healthy, gave the same value (see table 
1). Lungs seem to be made up of identical fune- 
tional units each bearing a constant relation be- 
tween capacity for outflow and the state of infla- 
tion. Multiples thereof retain the same relation. 
Larger subjects simply have a larger number of 
participating units. 

To illustrate these findings and to emphasize 
the consistency with which they occur, 6 consecu- 
tive visitors to the laboratory were asked to trace 
spirograms. They claimed to be healthy, were un- 
tutored in spirometry, varied in stature, 4 of them 
were females. The course of each spirogram is 
shown as dots in figure 2, together with a line 
which traces the curve defined by the equation 
dv /dV = 2.7. In the second phase, that of critical 
flow, virtually all of the dots and the line can be 
effaced by a single stroke of the pen. Variability 
of the third phase is well shown and attests the 
need to deal with terminal flow separately. 

A few additional observations warrant descrip- 
tion. In the presence of obstructive disease, ex- 
cessive effort may reduce flow equally at all points, 
but the rate of deceleration is not affected. If 
effort is withheld so that expiration is restrained, 
it protracts the first phase, delaying the emergence 
of critical flow. Laryngeal narrowing reduces flow 
by a different mechanism. It lowers the canalicular 
gradients which govern airway diameter. Inserted 
midway in the breath this hastens deceleration 
and the change makes it detectable. If laryngeal 
narrowing takes over control of flow early in the 
breath, it may not be possible to determine the 
reason for the high value for dV /dV. 

If flow and the constant for its deceleration are 
known, it should be possible to compute quantita- 
tive values for certain static properties of the 
lungs. This involves variables about which little 
is known except in healthy subjects. Case R.W. 
(figure 3) illustrates how elastic tension of the 
lungs can be determined from flow. 

When vital capacities vary between 0.5 liters 
and 5.0 liters and the value for dV /dV is 2.7, the 
portion exhaled in the first second is remarkably 
constant, range 81 to 88 per cent of the total. The 
one-second expiratory capacity often corresponds 
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Fic. 3. From the spirogram of a healthy young woman, flow was plotted against volume, the dots 
(@). Value for dV/dV was 2.2. With the aid of an esophageal balloon, transpleural pressures were also 
measured over the range of the vital capacity. Lung compliance was 0.10 liters per cc. of pressure change, 
a somewhat low figure, but the subject was a small woman. By using the proper scale for lung tension, 
both compliance and dV/dV can be indicated by the slope of one line. Both tension and flow are di- 
rectly related to volume. Knowing both dV/dV and lung compliance, tension can be computed from 
flow, and the reverse. An important value is maximal lung tension, in this case 24 cm. of water pressure. 
It has been observed to range in healthy subjects between 20 and 28 cm. Fry (8) reports similar figures. 
In the Handbook of Respiration (9), compiled data on compliance indicate a mean value of 23 em. for 


maximal lung tension. 


closely to the summated volume of the first two 
phases which is called useful volume. 

Maximal critical flow, obtained by extending 
the line for dV /dV to the position of maximal in- 
spiration, is a theoretic value which assumes that 
the adjustment of the effort-dependent phase took 
place instantaneously. 

The Expiratory Spirogram in Disease 

Terms employed to describe the normal spiro- 
gram apply equally well to the spirogram in dis- 
ease. All exhibit the same features, differences be- 
ing those of degree. The changes in volume are 
shown in figure 4; changes in flow, in table 1. 

Restriction of the volume of displaceable air: 
These otherwise disparate diseases share a com- 
mon primary mechanical derangement brought 
about by direct interference with bellows move- 
ment, by space filling, by excluding part of the 
parenchyma from ventilation, or by a combina- 
tion of these means. Whatever the cause, inspira- 
tory displacement is curtailed. Even though a 
space-filling lesion (such as pneumothorax) limits 
expiratory excursion of the bellows, the effect on 
ventilatable parenchyma is to extend expiratory 
displacement and limit inspiration. 

Surgical ablation and exudative, granuloma- 


tous, fibrotic, or atelectatic foci exclude paren- 
chyma from ventilation. In ablation cases, it was 
found that the retained volume corresponded ap- 
proximately to the proportion of tissue remaining, 
and the flow/volume relation was normal. It was 
normal or nearly so in uncomplicated tuberculo- 
sis, silicosis, and Boeck’s sarcoid. The stage of dis- 
ease affected displaceable volume but not dV /dV. 
Patients in whom the breathing bellows was re- 
stricted retained a normal flow/volume relation. 
In one patient, severance of the spinal cord at 
the seventh cervical vertebra resulted in paralysis 
of all muscles involved in respiration except the 
diaphragm. Expiration had to be passive, yet out- 
flow followed a course not far removed from nor- 
mal. 

Diseases whicly primarily limit the volume of 
displaceable air cause proportionate reduction of 
flow without changing the flow/volume relation. 
The amount of restriction parallels the severity 
of disease. Cause for the restriction cannot be de- 
termined from the spirogram. The per cent of the 
test vital capacity exhaled in the first second re- 
mains normal. 

Intrinsic obstruction of the airways: Intrinsic ob- 
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struction of the airways denotes obstruction 
brought about by a morbid condition of the air- 
ways themselves. It is represented by asthma and 
bronchitis. 

Asthma: Important criteria in the diagnosis of 
asthma in these subjects were paroxysmal dysp- 
nea with wheezing, allergic etiology, and capacity 
for natural or adrenalin-induced remission. The 
spirographie manifestations included low maxi- 
mal critical flow and a low value for dV /dV, which 
could be restored to normal or nearly so by 
adrenalin (see table 1), premature termination of 
useful volume, and vital capacity deficit (figures 
4 and 5A). Adrenalin caused a small increase in 
useful volume. The low value for dV /dV and the 
extended terminal volume both contributed to a 
reduced one-second expiratory capacity which 
was a discriminatory indicator of the response to 
adrenalin. 

If spasm of the bronchioles accompanies 
asthma, the foregoing concept of mechanics offers 
a ready explanation for spirographic manifesta- 
tions. Spasm reduces the over-all diameter of 
bronchioles and reduces the change of diameter 
which can be brought about by a unit change in 
ung tension. These result in low critica) flow and 
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low dV /dV. Narrow airways terminate useful vol- 
ume prematurely. In asthma it represents some- 
thing less than the volume range over which lung 
tension is exerted. Enlarged terminal volume and 
vital capacity deficit persisted after the use of 
bronchodilators. These can reasonably be ascribed 
to complicating emphysema. 

Bronchitis: In the group with bronchitis the 
symptoms of obstruction were usually less severe 
and lacked the paroxysmal qualities of asthma. 
In some there were manifestations of allergy, and 
the flow characteristics, including the response of 
dV /dV to bronchodilators, resembled those of 
asthma. In others, as occurred more frequently, 
bronchodilators caused a proportionate increase 
in both useful volume and rate of flow, while 
dV /dV remained fixed at pretreatment level. 

Whereas bronchospasm causes reversible re- 
duction of dV/dV, obstructing secretions primar- 
ily reduce useful volume by excluding portions of 
parenchyma from ventilation. Value for dV /dV 
in bronchitis is variable, depending on existing 
complications, concurrent bronchospasm and em- 
physema, both of which depress dV /dV. Lacking 
these, as in the instance cited in figure 5B (Case 
J.H.), the value for dV /dV is normal. 
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Fic. 4. Important volumes in the spirogram are useful volume, which combines the effort-dependent 
phase and the phase of critical flow, and the terminal volume. On either side of the bars in the graph 
are brackets and numerals which show the standard deviation from the mean for useful volume and vital 
capacity. Vital capacity was predicted by the equation of West (6) without correction for degenerative 


lung diseases which attend aging. 
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Low lung tension—the emphysema group: As 
here employed, the term emphysema denotes the 
form characterized by breakdown of alveolar 
walls and coalescence of spaces. In most cases the 
disease was advanced; the breathing capacity was 
markedly reduced; and dyspnea, prohibitive if 
exertion exceeded that walk. Breath 
sounds were absent over wide areas. Expiratory 
effort met with early abrupt slowing. Thin rims 
of bullae were outlined on the roentgenogram. 
The condition responded poorly or not at all to 
adrenalin and was unremitting in the subsequent 
natural history of the disease. 

Bullous emphysema: In the subjects with 
bullous emphysema, areas of parenchymal dehis- 
cence were visibly and audibly set apart from 
relatively intact areas of better or even good func- 
tion. Flow characteristics are shown in table 1: 
In 3 uncomplicated cases of slight bulla forma- 
tion, reduced useful volume was the only change. 
Bronchitis was present in cases of advanced dis- 
ease. 

Findings in Case R.L. (figure 6) are typical. Ex- 
halation took place in sequence from two distinct 
and identifiable lung compartments. First, the 
more intact areas exhaled at relatively rapid rates 
of flow. Whereas dV/dV was normal in slight 
cases, it was low and fixed in those of advanced 
disease. Response to bronchodilators was of the 
type associated with expulsion of secretions. Em- 
physema itself, if sufficiently advanced, can de- 
press dV /dV, independent of the action of bron- 
chospasm. Exhalation from emphysematous areas 
followed. It was slow and incomplete, causing a 
vital capacity deficit. Transition from useful vol- 
ume to terminal volume on the spirogram marked 
cessation of flow from relatively intact paren- 
chyma and its continuance from emphysematous 
parenchyma. Useful volume reflects the volume 
range over which lung tension is exerted by the 
intact parenchyma and necessarily varies with the 
amount of such parenchyma participating in ex- 
halation. 

Anatomic emphysema, generalized, dry: The ex- 
pression implies structural abnormality of the 


of slow 


parenchyma, with signs and symptoms of bron- 
chitis or asthma few or absent. Generalized in the 
sense of being widely dispersed, some areas are 
more severely affected than others, two compart- 
ments as in the previous group. Ventilatory dis- 
parity between one part and another is dramatic- 
ally demonstrated by ventilating emphysematous 
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Fig. 5A. Case E.0. Had allergic asthma from 
industrial inhalants. Leave from work brought 
remission. The change in dV/dV is characteristic 
for the allergic asthma group. 
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Fic. 5B. Case J.H. had an unusually severe 
bronchitis. Life was threatened by thick tenacious 
mucus which could not be effectively displaced 
by the usual means (series A and B). With the 
aid of bronchoscopy and direct aspiration, pro- 
gressive improvement occurred. Series C-E trace 
the improvement of breathing, but dV/dV re- 
mained within normal limits. The changes of 
flow and volume are equivalent when secretions 
exclude parts of the parenchyma from ventila- 
tion, unlike cases of bronchospasm wherein flow 
is predominantly affected. 


lungs outside the body. Rapid cycling virtually 
eliminates participation of the more emphysema- 
tous portions (4, 5). It may not be possible to 
detect lines of demarcation clinically; more often 
than not the breath sounds and fluoroscopic find- 
ings disclose zones where ventilation distinctly 
differs from that prevailing elsewhere. 

The effort-dependent part of the spirogram is 
small, but peak flow is likely to be good (five liters 
per second or more) if exhalation is energetic, in 
contrast to the ensuing low rate of critical flow. 
If disease is advanced, the latter may entail so 
little volume that the course of dV/dV cannot be 
determined. If determinable, the value is low 
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Fic. 6A (Upper). Plus signs indicate the in- 
tensity of the vesicular murmur at rest and with 
forced inspiration, on a scale of 0 to 4 plus. Nor- 
mal would be plus/minus to three plus. Ventila- 
tion was poor in the left lower lobe, absent in the 
right lower, poor in the right middle and right 
upper. The best breathing was in the left upper 
lobe, but there was no reserve. B (Center). The 
outlines were taken from inspiration film (solid 
line) and expiration film (dashed line). The den- 
sity of the stippling indicates the density of the 
lung roentgenogram in expiration. Both bases 
compressed the upper portions on expiration. The 
left base exhaled slowly; the right, not at all. 
Note the correlation with physical signs. C 
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(table 1, Case R.P., figure 7A). Measured re- 
sponse to bronchodilators is minor or even absent. 
Terminal volume is usually larger than shown in 
Case R.P., amounting to more than a liter and 
exceeding one-fourth of the predicted vital ca- 
pacity. The vital capacity deficit is large (see 
figure 4). 

When the disease is not so advanced, useful vol- 
ume is less restricted (Case C.K., figure 7A). Flow 
is correspondingly faster but remains unrespon- 
sive to adrenalin. The size of useful volume and 
its prevailing rates of flow reflect inversely the 
clinical severity of the disease. 

The outflow pattern for Case R.P. before bron- 
chodilators resembles that of Case J.H. (see figure 
5B) when the patient was seriously obstructed 
with secretions. Outflow for Case C.K. resembles 
that of Case E.0. (see figure 5A, an asthmatic). 
Identification of specific cause for the respective 
spirographie manifestations depends on the 
changes brought about by bronchodilators. Simi- 
larly, emphysema exhibits the most severe restric- 
tion of volume in the present series; but low 
dV /dV as well as large terminal volume serve to 
identify the obstructive nature of the condition. 
When disease which is primarily volume-restrict- 
ing is complicated by emphysema (see table 1), 
tuberculosis for example, there is no way to as- 
sess the contribution of the lesion which directly 
limits bellows excursion. Indeed, its contribution 
cannot be detected even in the presence of con- 
comitant obstructive disease. Dual causation 
limits specificity in the spirogram. Knowledge of 
any obstacle to bellows movement other than ob- 
struction and knowledge of bronchodilator re- 
sponse are requisite if analysis is to be carried 
beyond the limited goals which the terms “‘re- 
strictive” and “obstructive” imply. 

Timed expiratory volumes, expressed as per 
cent of the total, are reduced in emphysema 


(Lower). Expiratory flow plotted against volume 
exhaled. Numerals refer to the value for dV/dV. 
The change brought about by bronchodilators 
indicated release of secretions rather than release 
of bronchospasm. The three parts of the spiro- 
gram are well shown. The first two, the effort- 
dependent phase and the period of critical flow, 
comprise the useful volume. This represents out- 
flow from the relatively intact parenchyma. 
Thereafter, air leaks slowly from the emphyse- 
matous part, and stops prematurely to create a 
vital capacity deficit. 

These are the findings in a 42-year-old female 
in whom some parts of the lung were severely 
emphysematous and others less involved. 
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chiefly by the large terminal volume. They 
may fail to reflect the response to broncho- 
dilators. Through extension of terminal volume 
the vital capacity may be enlarged in proportion 
to the improvement of the volume in the first sec- 
ond. Thus, in Case R.L. (see figure 6C), the one- 
second expiratory capacity was 53 per cent of the 
vital capacity before bronchodilator and was 49 
per cent afterward, despite an improvement in 
breathing. 

Anatomic emphysema with bronchitis or 
asthma: The comparatively low value for dV /dV 
reflects the influence of greater bronchospasm be- 
fore bronchodilators. The low value is improved 
afterward but is still depressed by the effect of 
emphysema. It is well to emphasize the great fre- 
quency with which asthma, bronchitis, and em- 
physema comprise complications of other condi- 
tions (see table 1). Combined disease makes the 
spirogram more difficult to interpret. 

Knowledge of the complex conditions govern- 
ing outflow in emphysema is incomplete, and the 
following explanation is offered with some reser- 
vation. It becomes explicable if the exceptional 
relation of tension to volume is taken into ac- 
count. In the course of inflation, the advanced 
emphysematous lung, unlike the normal, remains 
slack till within a liter of full inspiration. Then 
tension mounts abruptly to a low level of pressure 
in the order of 10 cm. of water pressure or less (1, 
8, 10, 11). Thereafter, tension increases little or 
not at all. Failure of tension to increase further 
led Christie (10) to conclude that its elastic limit 
had been exceeded. When the disease is less ad- 
vanced, tension varies with volume more nearly, 
but maximal tension is low. These observations, 
reported earlier, were confirmed in 6 patients in 
the present series. It was further observed that, 
during expiration, tension reached zero at approx- 
imately the transition from useful to terminal 
volume. In all other lung conditions, critical flow 
parallels the decay of lung tension, It does so in 
emphysema with respect to the zero point. It 
might be expected to follow the course of lung 
tension earlier in the exhalation, with resulting 
low value for dV /dV. Case W. Os. (figure 7B) is 


representative of advanced disease. Case C. K. 
(figure 7A) exemplifies less advanced disease. 
Maximal tension was only 14 em. of water pres- 
sure. In linear relation to volume, it reached zero 
upon the exhalation of 2.3 liters. 

Low flow rates are partly due to the small size 


Fie. 7A (Upper). Case R.P. Severe, dry, ana- 
tomic emphysema, breathing capacity 34 L./min., 
little response to bronchodilators. The value for 
dV/dV remains low, 0.8, the numeral below the 
line tracing the course of critical flow. Case C_K. 
Moderate anatomic emphysema, breathing capac- 
ity 100 L./min., no response to bronchodilators. 
Lung tension was measured in this instance. Maxi- 
mal lung tension was 15 cm. of water pressure. 
During exhalation it traced a linear relation to 
volume, reaching zero at the exhalation of 2.3 
liters, approximately the place at which the tran- 
sition from critical to terminal flow occurs. B 
(Lower). Case W.Os. Advanced, dry, emphysema; 
breathing capacity 33 liters per minute. By em- 
ploying appropriate scales, lung tension and pre- 
dicted normal flow can be plotted on the same 
line, in relation to volume. As measured, lung 
tension maintained a small plateau of pressure 
near the position of maximal inspiration. Exhala- 
tion beyond this range brought the tension 
abruptly to zero, approximately at the place at 
which transition from critical to terminal volume 
takes place. 


of the compartment of relatively intact lung from 
which outflow of useful volume takes place and 
partly due to the fact that it is inflated to less than 
half the norma) maximal tension. Thus, in Case 
W.Os., with a useful volume of nearly a liter at 
half inflation, the compartment would comprise 
approximately half the parenchyma if it were nor- 
mal structurally. Such an amount would give 
maximal critical flow of about 2.5 liters per sec- 
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ond, compared with the 1.25 liters per second 
which were found, the difference being inherent 
in the low value for dV /dV. This accounting is by 
no means final, but is offered as a cogent reason 
for concluding that the useful volume and the 
flow entailed reflect the size of that part of the 
emphysematous lung remaining relatively intact, 
as well as its state of inflation. 

Increased lung tension: The group with in- 
creased lung tension had originally been restricted 
to cases of interstitial pneumonitis, but other con- 
ditions possessing the same physical attributes 
exhibited the same course of outflow. These in- 
scleroderma, lupus erythematosus, and 
lymphangitie carcinoma whenever they produced 
universal interstitial thickening. Signs which re- 
flected the common physical state were tachyp- 
nea, hyperventilation, loud breath sounds, numer- 
ous fine rales, diffuse roentgenographic shadows, 
shrinking lungs over the passage of time, and al- 
kalosis. In 6 cases of interstitial pneumonitis the 
microscopic sections revealed many of the fea- 
tures of Hammon-Rich disease. 

In the spirogram, flow starts very rapidly, 
reaching 6 to 12 liters per second, and the effort- 
dependent phase is relatively large (Case A.C., 
figure 8). Even the pressures of cough may not 
suffice to establish critical flow until volume is 
considerably depleted. The value for dV/dV is 
high (see table 1). Terminal volume is small and 
so is vital capacity (see figure 4). Breathing ca- 


pacity is relatively good and may exceed the pre- 
dicted normal. Note that the changes are opposite 
to those of emphysema. 
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Fig. 8. Case A.C. Very advanced interstitial 
pneumonitis confirmed at necropsy. A: Successive 
coughs. Critical flow established only on the third 
cough and thereafter, giving very high value for 
dV/dV. B: Maximal uninterrupted expiratory 
effort. Could not exert enough force to narrow 
airways and establish critical flow till near the 
end of expiration. Dotted line is effort-dependent 
phase. 
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Microscopic sections always show enormously 
dilated bronchioles, pulled wide by excessive ten- 
sion of surrounding tissue. Lung compliance is 
low, not from the reduced amount of lung sub- 
jected to inflation, but from actual stiffening of 
parenchyma. Maximal lung tension may exceed 
40 cm. of water pressure. This widens the bron- 
chioles and accentuates the change of diameter 
for a given change of volume. Flow again con- 
forms to tension, starting at high rates and de- 
celerating rapidly with respect to volume. So far 
as it has been possible to discover, there is no 
disease characterized by loss of bronchiolar con- 
tractility which would produce the same dilata- 
tion as excessive external tension. Airflow man- 
ifestations of wide bronchioles are, therefore, 
diagnostic for this group of diseases. This is 
unique in spirometry. There are dual potential 
causes for all other alterations of flow and vol- 
ume in the spirogram. 


Discussion 


The factors governing expiratory flow are set 
forth in figure 9. A mechanical model based on 
this design can be made to demonstrate the ac- 
tion of these factors. Let the airways be repre- 
sented by a single tube (AW) which is enclosed 
within a single space bounded by chest wall (CW) 
and diaphragm (D). Pressure at various points is 
indicated by the size of the stippled arrows (P). 
Pressure declines downstream, and the disparity 
of pressure with that on the outside compresses 
the tube in proportion to the amount of decline 
at a given point. This is the basic mechanical 
situation. Cartilagenous tension (CT) offers 
graded resistance to collapse, thereby regulating 
flow at a predetermined level under various ex- 
piratory efforts through the effect of effort on the 
canalicular gradient. Bronchiolar resistance like- 
wise affects the gradient. This, in turn, depends 
on the equilibrium between the contractile force 
of bronchiolar tension (BT) and the dilating force 
of lung tension (LT). Since the latter varies with 
volume, the level of regulated flow, called critical 
flow, does likewise. 

Bronchiolar spasm in asthma reduces rate of 
flow and change of flow with respect to change of 
volume, dV/dV. In emphysema, low lung tension 
and low dV/dV create the same effect on flow as 
that prevailing in asthma except that the reduc- 
tion in flow is unresponsive to bronchodilators. 
Interstitial pneumonitis is characterized by high 
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lung tension and low lung compliance, with re- 
sulting rapid flow and high value for dV/dV, the 
opposite of emphysema. Two conditions impair 
cartilagenous resistance to compression. Wright 
(12) and Herzog (13) have demonstrated atrophy 
of bronchial cartilage in advanced emphysema. 
The same change has been observed in poliomye- 
litis with chronic respiratory paralysis. These 
seem to be secondary changes which would, never- 
theless, aggravate the pre-existing condition. 

When exhalation takes place from healthy lung 
through healthy airways, the value for dV/dV is 
remarkably constant, 2.7 + 0.4. The amount of 
participating lung affects the volume exhaled but 
not the pattern of outflow defined by dV /dV. This 
enhances diagnostic applicability of the above 
concept of mechanics. Diagnostic specificity is 
frequently impaired by the existence of dual po- 
tential causes for a spirographic feature. Fore- 
knowledge of the action of bronchodilators and of 
lesions which limit the volume of displaceable air 
tends to dispel uncertainties. 

Analysis proceeds as follows. If dV/dV is sig- 
nificantly elevated, 3.5 or more, useful volume 
and vital capacity will be small. Such findings 
signify generalized interstitial thickening. In such 
an instance, lung compliance varies inversely with 
dv /dv. 

If dV /dV is normal, 2.3 to 3.1, obstruction and 
interstitial thickening are excluded. If volumes 
are likewise normal, it can be stated that ventila- 
tion is normal. Reduced useful volume identifies 
one or another of the lesions which primarily limit 
volume. This includes voluntary restriction and 
the exclusion of part of the lungs from ventilation 
by secretions. Which of these factors is operative 
must be determined from the clinical record or, in 
the case of secretions, from the effect of a broncho- 
dilator. 

In practice, the majority of cases exhibit a low 
value for dV/dV, less than 2.0, which specifies 
obstructive disease. If due entirely to broncho- 
spasm, dV /dV can be restored to normal or nearly 
so by the action of a bronchodilator. Emphysema 
causes a fixed depression. In emphysema useful 
volume and the flow entailed probably reflect the 
amount of relatively intact parenchyma, as op- 
posed to the emphysematous compartment. The 
findings suggest that it should be possible to de- 
rive other quantitative information. If dV /dV and 
compliance are known, lung tension can be com- 
puted from critical flow, since both are linked to 
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AIRWAY MECHANICS 

Fic. 9. Factors governing expiratory flow: 
AW—Airway; C—Cartilagenous portion; BRL— 
Bronchiolar portion; CT—Cartilagenous tension, 
illustrated by heavy spring which exerts a di- 
lating force opposed to compression, indicated 
by arrows; LT— Lung tension, illustrated by del 
icate spring. Arrows indicate the dilating effect 
on bronchioles; BT —Bronchiolar tension exempli- 
fied by spring. The arrows indicate the narrow- 
ing effect on the bronchioles; P—Pressure in the 
terminal spaces, indicated by the size of the 
dotted arrows. Pressure declines downstream in 
the airways; CW—Chestwall. Arrows show diree- 
tion of movement; D—Diaphragm. Arrows show 
direction of movement. 


volume. Capacity for flow at various levels of vol- 
ume, dV/dV, under a range of pressure, makes 
dV/dV inversely proportionate to the resistive 
state of the subject. A simple statement of resist- 
ance itself is not possible because of constant flow 
under various pressures. 

The spirogram serves its most useful purpose 
when it can disclose why breathing is abnormal. 
The breathing capacity test is an easy and ade- 
quate measure of the degree of abnormality which 
is not to be improved upon by substituting some 
quantitative aspect of the spirogram, nor is 
breathing capacity an acceptable standard for ap- 
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praising such an aspect. To say that a lung condi- 
tion is “restrictive” or “obstructive”’ 
limited goal which might better be attained 
through a simpler procedure such as fluoroscopy. 

To gain more fundamental insight into the na- 
ture of disease and to establish a sound basis for 


realizes a 


analysis, spirographic manifestations must be 
linked to causal physical properties of the lungs. 
An attempt has been made in table 1 to categorize 
diseases according to physical properties signifi- 
cant to the spirogram. By means of the foregoing 
method of analysis, it is often possible to desig- 
nate the proper category from the spirogram. The 
concurrent presence of other disease frequently 
offers difficulty, as may be seen from table 1. It 
is hoped that investigations in progress will clarify 
doubtful points, particularly in the emphysema 
group, and will validate attempts to derive quan- 
titative information described in this report. Even 
in the present state of knowledge, the method ad- 
vocated here affords information which is more 
basic, more precise, and more discriminatory than 
has heretofore been possible. 


SUMMARY 


In healthy subjects, the forced expiratory spiro- 
gram begins with a small effort-dependent por- 
tion. The second and largest part is characterized 
by orderly deceleration of flow at a rate of 2.7 
liters per second for every liter exhaled. It ends 
when flow becomes 0.5 liters per second, a point 
at which lung tension has been found to reach 
zero. At any selected point in the second part, 
flow cannot be increased by applying greater than 
threshold pressure; hence, it is called critical flow. 
In the third terminal part, flow is slow and varia- 
ble and volume is small. 

Constant flow at a selected point is attributed 
to check-valve narrowing of cartilaginous large 
airways. The decelerating rate at which flow is 
regulated is ascribed to bronchiolar narrowing 
which parallels the decrease of volume and is 
mediated through decreasing lung tension. These 
characteristics are constant for all healthy lungs 
served by healthy airways. The amount of par- 
ticipating lung determines the inspiratory ex- 
tremity of the spirogram, but the configuration is 
constant in health. 

Disease produces quantitative variation in the 
characteristics exhibited in health. Bronchospasm 
makes bronchioles small and more resistant to 
stretch, so dV /dV is lower than the normal value 
of 2.7, but responds to bronchodilators. Intersti- 


HOWARD 


DAYMAN 


tial pneumonitis renders bronchioles wide, so 
dV /dV is high. Secretions reduce the amount of 
participating lung and so do not alter dV/dV. 
In emphysema, the fixed low value for dV/dV is 
ascribed to low lung tension and the aberrant re- 
lation to volume. In this disease, flow is judged to 
be sequential. First, a restricted volume is exhaled 
from relatively intact parenchyma. Thereafter, 
slow leakage from emphysematous parenchyma 
makes up an enlarged terminal stage of the spiro- 
gram. Value for dV /dV varies inversely with the 
flow-resistive state of the airway system. 

A method of analysis based on the foregoing, 
and with ancillary knowledge of volume-restrict- 
ing lesions and of the effect of bronchodilators, ap- 
preciably extends the useful information to be ob- 
tained from the spirogram. In an extensive clinical 
experience it has proved to be a helpful diagnostic 
measure. 


SUMARIO 


El Espirograma Espiratorio 


En los sujetos sanos, el espirograma espiratorio 
forzado comienza con una pequefia porcién debida 
al esfuerzo. La segunda y mayor porcién se carac 
teriza por retardo ordenado de la corriente de aire 
a razon de 2.7 litros por segundo por cada litro ex- 
halado, y termina cuando la corriente aleanza 0.5 
litros por segundo, punto este en el que se ha ob- 
servado que la tensién pulmonar llega a cero. En 
cualquier punto de la segunda porcién escogido, no 
cabe aumentar la corriente aplicando una presién 
de mds del triple ; de ahf la designacién de corriente 
erftica. En la tercera porcién, la terminal, la co- 
rriente es lenta y variable y el volumen es pe- 
quenio. 

La constante corriente en un punto escogido se 
atribuye a estrechamiento a modo de vadlvula de 
retencién en las grandes vias aéreas cartilaginosas. 
La magnitud del retardo que se fija a la corriente 
se imputa al estrechamiento bronquiolar que re- 
fleja la disminucién del volumen y se gradtéa por la 
decreciente tensién pulmonar. Estas caracteristi 
cas son constantes para todos los pulmones sanos 
servidos por vias aéreas sanas. La proporcién par- 
ticipante de pulmén determina la extremidad 
aspiratoria dei espirograma, pero la configuracién 
es constante en estado de salud. 

La enfermedad produce una variacién cuantita- 
tiva en las caracteristicas mostradas en la salud. 
El broncospasmo reduce el tamafo de los bron- 
qufolos y los hace mds resistentes a la dilatacién, 
de modo que DV/DV es menor del valor normal de 
2.7, pero responde a los broncodilatadores. La neu- 
monitis intersticial ensancha los bronqufolos de 
modo que DV/DV es alta. Las secreciones reducen 


= 
| 
} 


EXPIRATORY 


la proporcién del pulmén que participa, de manera 
que no altera DV/DV. En el enfisema, el valor bajo 
fijado para DV/DV se imputa a la baja tensién pul- 
monar y la relacién aberrante al volumen. En esta 
dolencia, se juzga que la corriente sigue cierto 
patron. Primero, se exhala un volumen limitado 
por un parénquima relativamente intacto. A partir 
de ahi, el lento escurrimiento por el parénquima 
enfisematoso crea una etapa terminal agrandada 
del espirograma. El valor para DV/DV varia en 
raz6n inversa al estado de la resistencia a la co- 
rriente en el sistema de vias aéreas. 

Un método de andlisis basado en los datos an- 
teriores, y con previo conocimiento de las lesiones 
que limitan el volumen y del efecto de los broneo- 
dilatadores, amplia apreciablemente la utilidad de 
la informacién obtenible del espirograma. En una 
extensa aplicacién clinica, el mismo ya ha resultado 
ser una valiosa providencia de diagndéstico. 

RESUME 
Le spirogramme expiratotre 

Chez les sujets en bonne santé, le spirogramme 
en expiration forcée commence par une petite par- 
tie qui dépend de | effort. La seconde et plus grande 
partie est caractérisée par la baisse réguliére du 
débit A un taux de 2,7 litres par seconde par litre ex- 
piré. La fin se produit quand le débit atteint 0,5 
litre par seconde, point auquel on a trouvé que la 
tension du poumon atteignait zéro. A n’importe 
quel point choisi dans la seconde partie, le débit 
ne peut pas étre accru en appliquant une pression 
supérieure au seuil; par conséquent, on | appelle le 
débit critique. Dans la troisiéme partie terminale, 
le débit est lent et variable, et le volume est petit. 

On attribue un débit constant a un point choisi 
A un rétrécissement des larges voies aériennes car- 
tilagineuses faisant soupapes. Le taux décroissant 
sur lequel le débit est réglé est imputé au rétre- 
cissement bronchiolaire qui suit la baisse de vo- 
lume et est obtenu par la diminution de la tension 
pulmonaire. Ces caractéristiques sont constantes 
chez tous les poumons sains desservis par des voies 
aériennes saines. La quantité de poumon en acti- 
vité détermine l’extrémité inspiratoire du spiro- 
gramme, mais la configuration est constante en 
bonne santé. 

La maladie produit une variation quantitative 
dans les caractéristiques montrées en bonne santé. 
Le bronchospasme rétrécit les bronchioles et les 
rend plus résistantes 'étirement, ainsi dV/dV est 
inférieur A la valeur normale de 2,7, mais répond 
aux bronchodilatateurs. La pneumonie intersti- 
tielle élargit les bronchioles, dV/dV est ainsi élevé. 
Les secrétions réduisent la quantité de poumon en 
activité et ainsi ne change pas dV/dV. Dans 
l’emphyséme, la valeur basse, fixe, de dV/dV est 
imputée A une tension pulmonaire basse et le rap- 
port aberrant au volume. Dans cette maladie, le 


SPIROGRAM 855 


débit est, pense-t-on, en ordre de succession. 
D’abord un volume restreint est expiré par le pa- 
renchyme relativement intact. Puis, une fuite 
lente du parenchyme emphysémateux contribue a 
un stade terminal élargi du spirogramme. La va- 
leur de dV/dV varie inversement avec les condi- 
tions de résistance au débit du systéme des voies 
aériennes. 

Une méthode d’analyse, basée sur les faits pré- 
cédents et avec la connaissance auxilliaire des 1é- 
sions diminuant le volume, et l'effet des bron- 
chodilatateurs, élargit d'une fagon appréciable 
l'information utile A obtenir du spirogramme. Au 
cours d’une expérience clinique étendue, ceci s'est 
montré un moyen de diagnostic utile. 
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INTRODUCTION 

In a previous publication (1) the writers have 
described techniques by means of which certain 
aspects of pulmonary function can be investi- 
gated in the lung excised post mortem. The 
studies accomplished include the determination 
of total lung volume, residual volume, inspiratory 
compliance, and expiratory flow rate. Methods 
were also described for the preparation of serial 
sections of dried inflated lungs for structural 
studies. It is the purpose of the present report 
to present details of the difference in structure 
and function between normal lungs and those 
with well-established clinically recognizable ob- 
structive emphysema. Certain inferences are de- 
rived concerning the morphogenesis of this dis- 
ease. Future papers will deal with the structural 
and functional details of lungs which show ab- 
normalities of the character seen in emphysema 
but which have been obtained from persons 
without pulmonary complaints. 

It should be emphasized that the functional 
tests used in this investigation are not intended 
to advance basic knowledge of the physics of 
pulmonary tissue. Rather they are used to pro- 
vide objective knowledge of ventilatory and me- 
chanical characteristics of lungs for correlation 
with structural studies carried out following fume 
fixation, drying in inflation, and serial sectioning. 
For example, upon finding structural defects in 
a lung obtained from a person who had had no 
pulmonary symptoms during life, the question 
immediately arises: Was this patient’s ventila- 
tory capacity really normal? On the other hand, 
when patent bronchioles are demonstrated to 
communicate with emphysematous foci in se- 
verely damaged lungs, as will be shown below, 
one wonders: Was this a true case of diffuse 
obstructive emphysema? 

Since the above questions can only be an- 
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swered by objective measurements and since 
pulmonary function studies during life are rarely 
available in connection with the autopsy material 
at this medical center, methods have been de- 
veloped (1) for obtaining such measurements, 
using the excised lung. The tests used are com- 
paratively simple, and it is recognized that other 
workers (2-4) have reported considerably more 
precise and elaborate measurements concerning 
the mechanics and physics of excised lungs. 


MATERIALS AND METHODS 


The lungs included in this study have all been 
obtained from the general autopsy service of the 
Ohio State University College of Medicine. Clini- 
cal case histories have been reviewed in each in- 
stance, and the lungs have been separated into two 
groups on the basis of the presence or absence of 
respiratory complaints, past history, and physical 
findings of a character compatible with obstructive 
emphysema. Cases of prolonged history of progres- 
sive respiratory difficulty and the gross appearance 
of diffuse and bullous emphysema were placed in 
the emphysematous group and most had been so 
diagnosed by clinicians, although a few patients 
who were first seen during their terminal illnesses 
were thought to have primary cardiac disease. Un- 
fortunately, none of the persons from whom lungs 
have been obtained during the eighteen months in 
which this investigation has been in progress have 
had studies of pulmonary function carried out dur- 
ing life. The writers are still awaiting an oppor- 
tunity to observe the correlation between post- 
mortem functional activity of the lungs and the 
measurements obtained during life. 

The methods used for postmortem functional 
studies have been described in detail previously 
(1) and will not be repeated here. Suffice it to say 
that the residual volume as determined in this in- 
vestigation is the volume of air remaining in a 
lung after ten minutes of free collapse from the 
fully inflated state. The total volume is the sum of 
the residual volume plus the total amount of air 
which the lung can be made to aspirate when ex- 
posed in a respirator box to negative pressure of 
a degree determined to be proper for each individ- 
ual lung, usually between 10 and 15 cm. of water. 
The inspiratory compliance curves are obtained 
by recording separately the changes in pressure 
within the respirator box and the changing volume 
of the lung during a dynamic inflation of the lung; 
the pressure is then plotted against the volume 
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The expiratory flow rate curve is simply the spi- 
rometer tracing of the deflation of the lung from 
full inflation following sudden release of the “nega- 
tive pressure.” 

To date the writers have had the opportunity to 
study seven lungs from persons with the clinical 
picture of diffuse obstructive emphysema. The age 
range of these patients was from fifty-two to eighty 
years, and all were males. The known duration of 
symptoms was from five to twelve years. Causes 
of death were respiratory failure, 4; cor pulmonale 
with congestive failure, 2; and hemorrhage from 
gastric ulcer, one. All cases had morphologic cor 
pulmonale. 

There were 21 lungs from persons without pul- 
monary complaints which are therefore classified 
as normal for present purposes. The age range was 
from twenty-three to seventy-six, and 13 patients 
were males. Many different diseases were identi- 
fied as causes of death in these cases, but none were 
fundamentally pulmonary. 


RESULTS 
A. Functional Studies 


As noted in the previous publication (1), all 
lungs were subjected to a “static inflation” be- 
fore the dynamic studies were conducted. Curves 
obtained with a normal lung and an emphy- 
sematous lung during static inflation are shown 
in figure 1. Methods are explained in the legend 
of figure 1. It may be noted that the emphy- 
sematous lung inflated readily at pressures much 
lower than those required for the normal lung 
and that the emphysematous lung reached its 
maximal size at a pressure of 10 em. of water, 
while 12 em. were required to fully inflate the 
“normal” lung. This is a characteristic difference 
between normal and emphysematous lungs as 
shown in table 1. It should also be noted that the 
maximal pressure established in this we © was 
not exceeded by more than 2 cm. of water in 
subsequent tests because of the risk of produc- 
ing structural artefacts. 

Typical dynamic inspiratory volume curves for 
the normal and emphysematous lungs repre- 
sented in figure 1 are shown in figure 2. All other 
lung studies gave similar curves. The rate of 
inspiration is essentially the same for each, 25 
ec. per second, because this was the standard 
rate at which the air was being removed from 
the box. The volume of air inspired by the 
emphysematous lung was greater than that for 
the normal one. The records obtained for pres- 
sure changes in the box occurring simultaneously 
with the volume changes represented in figure 
2 are demonstrated in figure 3. For the normal 


lung the pressure increased steadily as the 
volume increased while, in the case of the emphy- 
sematous lung, the pressure first increased, then 
dropped back, and finally increased again to its 
maximum. This phenomenon has been present 
consistently in the seven lungs from persons with 
clinical emphysema. 

In figure 4 the volume changes recorded in 
figure 2A and B, and the pressure changes re- 
corded in figure 3A and B have been plotted 
against each other by determining from the 
charts the volume and pressure at identical time 
intervals after onset of inflation. The curves in 
figure 4, since they show the relationship be- 
tween volume change and pressure change, ac- 
tually represent the changing compliance of the 
lungs during inspiration. The drop in pressure 
during inflation of the emphysematous lung seen 
in figure 3B is reflected in the compliance curve 
as an S-shaped bend, suggesting that the lung is 
supercompliant at this stage of inflation. 

Figure 5 is a composite graph showing a com- 
parison of all findings as to functional activity of 
the normal and emphysematous lungs studied 
to date. For clarity, only the largest and smallest 
of the normal and emphysematous lungs have 
been plotted. The total volume of all remaining 
lungs fell between those plotted, and the curve 
for the smallest emphysematous lung was lower 
than that for any other at all pressures. The com- 
pliance curves for a few of the normal lungs 
were higher than the one plotted, and several 
overlapped the emphysema curves in the pres- 
sure range from 4 to 10 em. Each plot begins 
at the left at the level of the residual volume 
of the individual lung. Each curve extending 
from this point represents the dynamic in- 
spiratory compliance of the lung. Evidence of 
“supercompliance” was obtained with every 
emphysematous lung. Note again that the em- 
physematous lungs reach their maximal volumes 
at lower pressure levels than those required for 
normal lungs. The highest point plotted for each 
lung represents its total volume, and this is con- 
sistently higher for emphysematous lungs than 
for normal lungs. Expiratory flow rates are plot- 
ted at the right. Note the difference in contour of 
the curves obtained with emphysematous as 
compared with normal lungs. 

In table 2 individual data are presented for 
each lung examined, for the residual volume as 
determined by water displacement, the total 
volume, and the predicted total volume calcu- 
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lated from the height and age of each patient 
according to the formula presented by Kaltreider 
and associates (5). It should be noted that, while 
the total volume of some normal lungs was 


Fic. 1 (Upper left). Typical static inflation curves obtained with a normal lung (A) and 
one with obstructive emphysema (B). The tests were done separately. The lung was sus- 
pended in a respirator box with the bronchus connected to a spirometer. Suction was then 
applied to the box so as to diminish the pressure within it in steps of 2 em. each. The tracings 
extending from right to left from points A and B show the volume changes in the lungs oc- 
curring in response to each pressure change. Note that the largest volume change for the 
normal lung occurred between 8 and 12 cm. and, for the emphysematous one, between 4 and 
8 em. Note also that for the normal lung no appreciable volume change occurred when the 
pressure was changed from 12 to 14 or 16 cm. In the emphysematous lung, the volume changed 
but little when pressure changed from 8 to 10 cm., and there was no change from 10 to 12 o1 
14 cm. In other words, the normal lung became fully inflated at 12 em., and the emphysema- 
tous one at 10 cm. 

Fic. 2 (Upper right). Dynamic inflation curves for normal (A) and emphysematous (B) 
lungs. The tracings again extend from right to left. The slope of the lines represents the rate 
of air flow which was about 250 cc. per second in each instance. Note that the emphysematous 
lung inspired more air than the normal one and that for each lung the rate of inspiration 
was essentially constant. 

Fic. 3 (Lower). Pressure recordings obtained simultaneously with the volume curves shown 
in figure 2. These records were obtained by means of a strain gauge and electronic recording 
apparatus. While there are variations in the rate of pressure change during inflation of the 
normal lung (A), the pressure does continuously increase to its maximum. In the case of 
the emphysematous lung (B), pressure first increases, then drops back slightly, and finally 
increases to the maximum. 


several hundred cubic centimeters above the pre- 
diction, others were lower, and the average ob- 
served volume was within 150 ce. of the pre- 
diction. All of the emphysematous lungs were 
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more than 1 liter larger than predicted, and the 
average total volume was some 1,500 cc. above 
the prediction. 


B. Structural Studies 


The most informative areas in regard to evalu- 
ation of pulmonary structure are those in which 
bronchioles and related alveolar ducts and alveoli 
have been cut longitudinally. In such areas cor- 
relations may be observed between alveolar al- 
terations and those in alveolar ducts and bron- 
chioles. In figures 6 and 7, the characteristic 
relationship of these structures is shown in lungs 
from persons without pulmonary complaints and 
with “normal” postmortem function studies. The 
size of bronchioles, alveolar ducts, and alveoli are 
noteworthy, as well as the intact character of 
the membranes composing them. Early emphy- 
sematous changes observed in a lung from a 
person without pulmonary complaints and with 
normal postmortem functional data may be seen 
in figure 8. The relationship of bronchioles and 
alveolar ducts to emphysematous areas in lungs 
from patients with clinical emphysema and ab- 
normal postmortem function studies are set forth 
in figures 9, 10, and 11. It is apparent that the 
bronchioles were but little changed from normal 
and that the major abnormalities were in the 
alveolar septa. The prominent abnormality was 
the presence of perforations in the alveolar septa. 
These perforations were of various sizes, and the 
large ones clearly represented a complete loss of 
one or more alveolar septa. It may be seen that 
widely patent bronchioles and alveolar ducts 
opened directly into the bullae formed by loss 
of septal tissue. These structures were patent 
despite the demonstrated presence of air trap- 
ping during expiration. 


Discussion 


The data presented above show that excised 
lungs from persons who died of advanced ob- 
structive emphysema manifested mechanical 
findings identical in character to those observed 
during life. It is already well known that the ab- 
normalities in clinical pulmonary function are 
readily demonstrable in advanced cases of ob- 
structive pulmonary emphysema. The purpose 
of the present paper is to demonstrate the classic 
findings as a baseline for comparison in cases of 
early obstructive emphysema or in diseases 
which appear similar but may be fundamentally 
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TABLE 1 
Pressures Requirep roR Maxtmat INFLATION 
or NorMAL AND Empnysematous Lunes 


Pressures in 
5 Cm. of Water 
Classific: tion 


Range Average 


Normal 12 


Emphysema 


DYNAMIC 


PRESSURE (cm’s H,0) 


Fig. 4. Dynamic inspiratory pressure-volume 
curves for a normal lung (U 60-389) and an emphy- 
sematous one (U 60-177). These curves were pre- 
pared by determining at specific time intervals 
after onset of inflation (from the records shown in 
figures 2 and 3) the pressure in the box and the 
volume of the lung. These pressures and volumes 
were plotted against each other. The drop in pres- 
sure seen in figure 3B appears here as the “S”- 
shaped bend in the curve for lung No. 177. 


different. The types of functional and structural 
changes observed in such cases will be the subject 
of future publications. 

Recent writers have presented various ana- 
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PRESSURE (CM'S H20) 


TIME (SECONDS) 


Fic. 5. Composite chart showing residual volumes (points of origin at left), inspiratory 
compliance curves, total lung volumes (highest point), and expiratory flow rates (right) for 
the largest and smallest of the 21 normal and 7 emphysematous lungs studied to date. For 
interpretations, see text sections on Results and Discussion. 


tomic classifications of pulmonary emphysema 
based on the distribution of lesions. Types de- 
scribed include panlobular, centrilobular, and ir- 
regular emphysema (6). It is not the purpose of 
the present paper to identify the relationships 
or distinctions between these various types of 
pulmonary involvement. However, it should be 
mentioned that at least one example of each form 
is included among the 7 cases of obstructive 
emphysema and that it has been possible to dem- 
onstrate patent bronchioles and alveolar ducts 
communicating with lesions in all cases. 

With regard to the specific functional phe- 


nomena demonstrated in the excised lungs, the 
fact that the lungs of persons with obstructive 
emphysema are excessively compliant has long 
been known (7, 8). The evidence of “supercom- 
pliance” shown during inflation of the excised 
emphysematous lungs, that is, the increasing 
volume while pressure decreases, was unexpected 
and has not been demonstrated during life. This 
phenomenon is believed to be in essence an arte- 
fact resulting from the methods employed for 
postmortem functional studies. It appears that 
during deflation of the excised lungs without 
chest wall limitation of minimum size, the lung 
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collapses to the point where surfaces of bron- 
chioles or perhaps alveolar ducts actually come 
into contact. Fluid surface forces then tend to 
hold these together. During inflation a certain 
pressure is necessary to separate these surfaces, 
and little or no air can flow until they are 
separated. Once separated, the lung tissue itself 
is so slack that the lung readily inflates at a rate 
exceeding that at which air is being sucked out 
of the box; therefore, the pressure drops. 

One may question why the same phenomenon 
does not occur in excised normal lungs. It seems 
necessary to assume that surfaces do become 
apposed during deflation of normal lungs without 
chest wall limitation. The difference appears to 
be that the tissue resistance to inflation is higher 
than that of emphysematous lungs and that this 
resistance, even in the deflated lung, requires for 
inflation a pressure above that necessary to sepa- 
rate the surfaces. The initial low-slope phase of 
the compliance curve of normal lungs is probably 
a manifestation of the force required to separate 
such surfaces. 

“Tissue resistance” is a rather poorly under- 
stood phenomenon to which the present writers 
have nothing to contribute at this time. This has 
been studied extensively by others (3, 4), and it 
is clear that the major factor responsible for it 
is the surface tension of the fluid which lines 
the pulmonary membranes. However, the col- 
lagen and elastic tissue fibers of the pulmonary 
stroma do play a part. In emphysema there is 
known to be a decrease in surface area within the 
lungs, and there are abnormalities in structure 
and distribution if not in the character of the 
collagen and elastic tissue. The relationship of 
these factors, or the existence of others, in regard 
to supercompliance of emphysematous lungs re- 
mains to be determined. 

The curves plotted in figure 5 all begin at 
the level of the residual air volume as determined 
by water displacement. The fact that excised 
emphysematous lungs have an increased residual 
volume as compared with excised normal lungs 
is evident. The close correlation of the average 
total volume of the 21 normal lungs, 2,242 cc., 
with the predicted value based on age, sex, and 
height, 2,113 cc., is worthy of note (table 2). It 
suggests that the procedure used for ascertaining 
the proper amount of pressure to be applied 
to each lung is valid. On the other hand, the 
marked excess of the average total volume de- 
termined for emphysematous lungs, 3,929 cc., 
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TABLE 2 


InpivipvuaL Data ror Restpvat Torar 
VoLuME, AND Prepicrep ToTat VoLUME or 
21 NorMAL AND 7 Empnysematous Lunes 


Total Lung | 
| | Volume (One 
| | lung, right 
| or left) | Residual 
| Volume 


| Pre- Ob- 
dicted served 


Sex and Height 
| 


1,75511,763 
460/11 ,969 
'2,785/2.110 
1600/1 , 170) 
2, 190'1 ,825 
2500/3 ,085 
,560/2, 326 
1150/1739) 
11, 710/2,322! 
(1,815) 867) 
(2, 280/2, 553) 
11, 750/2, 125 
12, 325/2, 626 
2,165/3,001) 
12,395 2,969 
'1,77512,340) 
2, 
1, 987 
2,410)2,735 
2,860/1,719 


2,113/2,242 


2,305 3,698 
2, 68014, 600 
2,660/3 524 
2, 2103 526 
2,325)3,996) 
2,210/3, 704) 
2,585 4,455 


2,4253,929) 1,692 


Averages 


over the prediction, 2,425 cc., confirms the 
impression that in emphysema not only is the 
residual volume increased, but also the total 
lung capacity. This confirms the plethysmo- 
graphic observations obtained during life (9). 
The flat slope of the plots of spontaneous ex- 
piratory flow rates in emphysematous lungs, at 
the right in figure 5, is a manifestation of ob- 
struction to air flow or “trapping” during ex- 
piration. The curves cover only the first seven 
seconds of the expiration. The contrast with the 
slopes of the normal lungs in the first seconds 


|| 
Case Number and 
Classification 
7 Normal 
1 F | 57 113 
2 M | 72 356 
3 M | 68 245 
4 F | 59 510 
; 5 M | 65 650 
M | 70 721 
2 7 F | 62 355 
M | 69 560 
9 F | 383 450 
; 10 F | 66 305 : 
ll M | 68 355 
12 F | 61 679 7 
13 M | 681g 721 
7 4 M | 65 609 j 
: 15 M | 71 610 
16 M | 68 577 
17 F | 62 1,188 ’ 
18 M | 65 733 7 
19 | OBO 870 
20 53 M | 67 633 j 
21 57 M6614 390 
Averages 554 
Emphysema | 
1 68 M | 691g 
2 | 73 M | 6814 
3 | 67 M | 65 
4 63 M | 65 1,178 
5 69 2, 200 
6 | 06 M | 66 643 
7 | 80 M | 68 913 
| 
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Fic. 6 (Upper left). Normal lung of 23-year-old patient. This field demonstrates the pat- 
tern of distribution of alveolar ducts. A small bronchus with associated pulmonary artery is 
seen in cross section in the right lower corner. This branches toward the left, and the 
branch immediately divides into two, one extending down and the other toward the center 
of the field with a short segment above the level of the section. This bronchiole then 
branches to left and right and becomes a respiratory bronchiole. Further branches are 
alveolar ducts. Note distribution of these latter, especially the one in the right lower quad- 
rant which supplies air to the alveoli adjacent to the bronchus of origin. (7) (reduced 2) 

Fic. 7 (Upper right). Normal lung of 65-year-old patient. A terminal bronchiole enters 
the field and branches at the left, becoming a respiratory bronchiole. Subsequent branches 
at right are alveolar ducts. This higher magnification is intended to reveal the intact char- 
acter of the membranes composing these structures and also the alveolar septa. Pores of 
Kohn are too small to be visible. (20) (reduced Ye) 

Fic. 8 (Center left). Early emphysema in 65-year-old patient. The postmortem functional 
activities of this hung were normal as was the structure in most areas. In this field, however, 
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is striking. It might be suggested that the curve 
is flatter for the emphysematous lungs because 
less force is available to collapse them since they 
are inflated by only 8 to 10 em. of water. How- 
ever, if normal lungs are inflated at this pressure 
and allowed to collapse, the spirometer tracing 
still begins with a steep slope. 

It may be noted also that, after sudden re- 
lease of the inflating force, the normal lungs 
reach virtually the same volume as the residual 
volume within the first three or four seconds. In 
the emphysematous lungs the difference between 
the volume at the end of seven seconds and the 
residual volume indicated at the left is the 
amount of air which leaves the lung during a ten- 
minute period of free collapse. 

In view of the impressive evidence of ob- 
struction to air flow during collapse of emphy- 
sematous lungs, it is of considerable interest and 
importance to note that patent bronchioles and 
alveolar ducts are readily demonstrable in sec- 
tions of these lungs prepared after inflation and 
drying. These structures are patent even in sites 
where they communicate with emphysematous 
foci (figures 9-11). Numerous similar examples 
have been found in each of the 7 emphysematous 
lungs studied to date. They are more easily de- 
monstrable in small early lesions than in massive 
bullae because the entire periphery of a small 
lesion can be observed in a few serial sections, 
while often a dozen or more sections must be 
examined in large lesions. Since obstruction to 
air flow has been demonstrated to be present in 
these specific lungs, it seems necessary to explain 
it on the basis of collapse of the walls of the 
bronchioles or alveolar ducts during exhalation. 
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Such collapse presumably occurs because of the 
loss of tissue tension which in the normal lung 
tends to hold them open. This mechanism has 
been suggested as contributing to air-flow ob- 
struction in advanced emphysema by various 
writers (10, 11). 

The observation that patent bronchioles com- 
municate with emphysematous lesions has a sig- 
nificant bearing on concepts of the pathogenesis 
of pulmonary emphysema. Many writers, par- 
ticularly McLean (12), have stated that oblitera- 
tion of bronchioles by fibrosis or inflammation is 
the first step in the development of obstructive 
emphysema and that the trapping of air and the 
mechanical effects of breathing and coughing 
cause destruction of alveolar septal tissue. The 
findings shown here, especially the ease with 
which communications can be demonstrated be- 
tween bronchioles and early emphysematous foci, 
are considered to be incompatible with that con- 
cept. Instead, the evidence indicates that the 
primary abnormality in pulmonary emphysema 
occurs in the alveolar septa and alveolar ducts 
and that obstruction to air flow, even in the 
earliest stages, is the result rather than the cause 
of the disease. 

The septal abnormality manifests itself in the 
form of excessive numbers and sizes of fenestra- 
tions in the alveolar and alveolar ductal mem- 
branes. Several recent papers have drawn at- 
tention to these lesions (13, 14), as have many 
previous ones even as early as 1848 (15, 16). As 
these fenestrations enlarge, they gradually cause 
complete loss of many alveoli, their original 
volume being occupied by coarse spaces which 
often are crossed by residual strands of tissue. 


there are many examples of abnormal fenestrations in the membranes, best seen in the 
left upper quadrant. Many alveolar spaces have coalesced to form small bullae. The related 
bronchiole appears normal. (reduced ¥2) 

Fic. 9 (Center right). Severe obstructive emphysema in 63-year-old patient. A respiratory 
bronchiole enters the field at the lower left, and promptly changes to an alveolar duct. This 
duct opens widely into the emphysematous bulla at the right, without evidence of structural 
constriction. This bronchus has been traced proximally to the hilum of the lung and is patent, 
as are those in the other illustrations. (20x) (reduced Y2) 

Fic. 10 (Lower left). Severe obstructive emphysema in 63-year-old patient. A terminal 
bronchiole is seen in cross section at left center. It leads to a tortuous respiratory bronchiole 
and alveolar duct which opens widely into the bulla at the right. The mechanism by which 
this alveolar duct might be mechanically collapsed and occluded during expiration is ob- 
vious. (reduced 

Fic. 11 (Lower right). Severe obstructive emphysema in 68-year-old patient. A respiratory 
bronchiole enters the field at the left and branches into two alveolar ducts, each of which 
communicates widely with the bullous area at the right. Note fenestrations developing in 
the membrane composing the wall of the bulla. (20x) (reduced Y2) 
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The fundamental mechanism responsible for the 
development of the fenestrations remains to be 
identified. 


SUMMARY 


Studies of the postmortem mechanical and 
ventilatory characteristics of normal and emphy- 
sematous lungs reveal that the latter are exces- 
sively compliant, have increased total volume 
and residual volume, and manifest obstruction 
to air flow during exhalation. Structural studies 
of the dried inflated emphysematous lungs re- 
veal patent bronchioles communicating with both 
early and advanced emphysematous areas. 

These findings are considered to refute the 
theory that bronchiolar obliteration causes the 
development of emphysema and to indicate that 
the primary abnormality in pulmonary emphy- 
sema occurs in the septal membranes of alveoli 
and alveolar ducts. Obstruction to air flow is 
considered to be the result rather than the cause 
of diffuse pulmonary emphysema. 


SUMARIO 


Correlacién Después de la Muerte de la Funcién y la 
Estructura en los Pulmones Normales 
y los Enfisematosos 


Estudios de las caracteristic: .ecdnicas y ven- 
tiladoras de los pulmones normaies y enfisematosos 
después de la muerte revelan que los dltimos son 
excesivamente déciles, muestran aumento del vo 
lumen total y del volumen residual y manifiestan 
oclusién del paso del sire durante la exhalacidén. 
Los estudios estructurales de los pulmones enfise- 
matosos inflados y desecados revelan bronqufolos 
permeables que se comunican con las zonas enfise- 
matosas tanto incipientes como avanzadas. 

Se considera que estos hallazgos refutan la teo- 
ria de que la obliteracién bronquiolar ocasiona la 
formacién del enfisema e indican que, en el enfi 
sema pulmonar, la anomalia primaria sobreviene 
en las membranas de los tabiques de los alvéolos y 
los conductos alveolares. Se considera que la oclu 
sién del paso del aire es el resultado més bien que 
la causa del enfisema pulmonar difuso. 


ResuME 


Corrélation entre la fonction post-mortem et la 
structure dans des poumons normauz et des 
poumons emphysémateur 


Des études des caractéristiques mécaniques et 
ventilatoires post-mortem de poumons normaux 
et de poumons emphysémateux révélent que ces 
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derniers sont excessivement souples, ont un vo- 
lume résiduel, et un volume total accrus, et mon- 
trent une obstruction au débit de l’air pendant 
l’expiration. Des études de structure des poumons 
secs, gonfiés, montrent des bronchioles ouvertes 
communicant, A la fois, avee des régions emphysé- 
mateuses A un stade précoce et A un stade avancé. 

Ces données réfutent, considére-t-on, la théorie 
qui prétend que |’obstruction bronchiolaire est la 
cause du développement de l’emphyséme, et indi- 
quent que l’anormalité primaire, dans l’emphy- 
séme pulmonaire, se produit dans les membranes 
septales de alvéoles et dans les canaux alvéolaires. 

L’obstruction au débit d’air est considérée comme 

le résultat plutét que la cause de l’emphyséme pul - 

monaire diffus. 
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INTRODUCTION 


Schultz and Ritz (1) found that heating at 
53°C. for twenty-five minutes caused complete 
killing of a four-hour culture of coliform bacilli, 
whereas the same heat treatment caused no re- 
duction in the viable count of seven- to thirteen- 
hour cultures. Winslow and Walker (2) quote 
further evidence that heat resistance is related to 
the metabolic activity and speed of cell division 
during the aging of a bacterial culture. 

In chronic tuberculous infection in the mouse, 
the viable count of culturable bacilli in the lungs 
may remain constant for long periods, and the 
lesions show no change or only slight progres- 
sion (3-6). The constant level of bacillary counts 
may be explained either as a static persistence of 
nonmultiplying organisms, or as a dynamic equi- 
librium between multiplication and destruction. 
Rees and D’Arey Hart (7) compared culturable 
and total bacillary counts of bacilli in the lungs 
of such mice and found little difference between 
these counts. This indicated that the majority 
of the bacilli in the lungs were viable, and they 
interpret this as evidence in favor of the static 
hypothesis. This conclusion was subject to the 
proviso that dead organisms were neither being 
removed from the lungs nor losing their acid- 
fastness. They investigated this possibility by 
treating infected mice with a combination of 
pyrazinamide and isoniazid; in these treated 
mice the culturable counts fell rapidly, while the 
total counts remained steady for three weeks, 
and then fell only gradually. This indicated 
that, following chemotherapy, a high proportion 
of dead organisms remain in the lungs and retain 
their acid-fastness, contributing to the total 
counts. 

The purpose of the present work was to test 
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Rees and D’Arcy Hart’s hypothesis of a static 
bacillary population, using heat resistance as a 
criterion of the state of the bacilli. It was first 
necessary to show that multiplying and non- 
multiplying tubercle bacilli differed in their re- 
sistance to heat. The technique was then applied 
to investigate the bacilli in the lungs of chroni- 
cally infected mice; these mice were among those 
employed in the work of Rees and D’Arcy Hart 
(7). In addition, mice with acute progressive 
tuberculosis were included in the experiments; in 
such animals a proportion of the bacilli should be 
multiplying, and it was hoped that the com- 
parison of the two groups of mice would add 
further weight to any conclusion reached. 


MATERIAL AND MernHops 


Mycobacterium tuberculosis strain H37Rv, or its 
streptomycin-resistant variant, H37RvSR, was 
grown in 7H-10 standard transfer medium (8) 
modified by the omission of glycerol. Samples of 
about 2 ml. in 6 x %-inch test tubes were ex- 
posed in a thermostatically controlled water bath 
to a temperature of 53°C. (+0.25°C.), unless other- 
wise stated 

Counts of the culturable organisms were carried 
out in 7H-10 medium solidified by silica gel (9). 
The composition of the medium was such that, 
after the addition of silica sol, the concentrations 
of the constituents were the same as in the 7H-10 
standard transfer medium, with certain modifica- 
tions: albumin was replaced by oleic acid—albumin 
complex (8); Tween® 80 was omitted, and re- 
placed by glycerol to a final concentration of 0.2 
per cent; the concentration of ferrous ammonium 
citrate was increased to 0.08 per cent to allow for 
the absorption of ferrous ions (9). 

Infected female albino P-strain mice (initial 
weight 18 to 20 gm.) were provided by Drs. 
R. J. W. Rees and P. D’Arcy Hart. The infecting 
organism was H37Rv, grown for two to three weeks 
as a surface growth in Proskauer and Beck me- 
dium. The pellicle was ground and suspended in 
0.01 M phosphate buffer (pH 7.0) to the required 
opacity. To produce an acute infection (“acute 
mice”), 0.1 mg. wet weight of bacilli in 0.5 ml. 
was inoculated intravenously. The dose to produce 
a chronic infection (“chronic mice”) was 002 mg 

The “acute” mice were sacrificed on the fifteenth 
day after inoculation, and the “chronic” mice at 
about four months. The lungs were removed asep- 
tically, ground, and suspended in 10 ml. of phos- 
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phate buffer. Samples for heating were transferred 
to the water bath with a minimum of delay. 

In one experiment, the effect of diseased lung 
on the heat resistance of old and young cultures 
was investigated. Cultures of H37RvSR were di- 
luted 1 in 10 in lung suspensions from both “acute” 
and “chronic” mice, and exposed to heat. Cultur- 
able counts were done in medium containing 100y 
of streptomycin per ml.; this prevented the growth 
of the drug-susceptible infecting bacilli, but had no 
inhibitory effect on the drug-resistant bacilli which 
had been added. 


RESULTS 


Several experiments were carried out to de- 
termine which temperature would most rapidly 
kill young, actively growing bacilli while having 
little effect on old, stationary phase bacilli. The 
results of one of these experiments are shown 
in figure 1. 

It may be seen that exposure to 53°C. for 
forty-five minutes caused a thousand-fold fall 
in the culturable count of a young culture, but 
only a fourfold drop in the count of an old 
culture. The killing rate at 50°C. was too slow 
to be of practical value in differentiating between 
young and old cultures while, at 55°C., there ap- 
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peared to be too-rapid killing of the old culture 
(confirmed in other experiments in which ex- 
posure to 55°C. was continued for longer pe- 
riods). In all subsequent experiments a tempera- 
ture of 53°C. was employed. 

The effect of exposure to 53°C. over a period 
of two hours is shown in figure 2. The log, of 
the count of culturable bacilli from a young 
culture fell from 6.96 to 0.40, whereas the count 
of an old culture fell from 8.62 to 7.28 over the 
same period. 

A series of heat-resistance curves obtained at 
different stages in the growth of a culture is 
shown in figure 3. In this experiment a seven-day 
culture of H37RvSR was inoculated heavily into 
fresh medium. A sample was immediately re- 
moved and tested for heat resistance (day 0); 
the remainder was incubated at 37°C., and sam- 
ples were removed at intervals for counts of cul- 
turable bacilli and for heat-resistance tests. On 
day 3, the culture was in the logarithmic phase 
of growth and there was rapid killing on ex- 
posure to heat, the culturable counts showing a 
fall of 6.2 log units over the two-hour period. By 
day 6, the culture was almost fully grown and 
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Fic. 1. The effect of exposure to different temperatures on young and old cultures of H37Rv. 
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Fic. 2. The effect of exposure to 53°C. on young 
and old cultures of H37Rv. 
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Fic. 3. The heat resistance of a culture of 
H37Rv at different stages in its growth cycle. 
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the heat-resistance curve was much flatter, the 
fall in count being 1.8 log units. The heat re- 
sistance on days 15 and 35 was similar to that 
of day 6, with a slight tendency toward pro- 
gressively increasing resistance ; the falls in count 
were 1.5 log units on day 15 and 0.9 on day 35. 
The source culture contained 5 x 10’ viable units 
per ml., so that the heat-resistance curve at day 
0 is presumably that of a culture in the late 
logarithmic phase; it falls intermediate between 
the curves at days 3 and 6, with a fall in count 
of 4.2 log units. 


Heat Resistance of Bacilli in the Lungs of Mice 


In the experiment illustrated in figure 4, two 
“acute” and two “chronic” mice were sacrificed. 
Heat-resistance tests were performed on the in- 
fecting bacilli and on old and young cultures of 
H37RvSR added to the lung homogenates. 

The results with the old and young cultures 
were clearly distinguishable, showing that the 
presence of lung tissue did not mask the differ- 
ence in heat resistance found in the preliminary 
experiments. In addition, there was no evidence 
that the “acute” and the “chronic” lung tissue 
differed in their effect on the heat resistance of 
the cultures added to them. It was concluded 
from the behavior of the old and young cultures 
that the heat resistance of the bacilli infecting 
the lungs of the mice was determined by their 
physiologic state, and was not significantly af- 
fected by the presence or nature of the diseased 
lung tissue. 

It may be seen in figure 4 that the infecting 
bacilli in “chronic” mice had a heat resistance 
closely similar to that of the old culture. In the 
“acute” mice, the bacilli were less susceptible 
to heat than in the young culture, but more sus- 
ceptible than the bacilli infecting the “chronic” 
mice: during the first hour of heating, the falls in 
culturable organisms were 1.78 and 1.06 log units 
in the “acute” mice, and 0.43 and 0.61 in the 
“chronic” mice. 

Since these differences were small, a further 
experiment was done with a larger number of 
mice. The results are shown in table 1. The 
average fall in culturable organisms over the 
first hour was 0.45 for the “chronic” mice and 
1.27 for the “acute” mice. This difference is sta- 
tistically significant at the 1 per cent level. Dur- 
ing the second hour of heating there was no dif- 
ference between the two groups. 
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Discussion 


It is clear that, in heat-resistance tests, bacilli 
in the lungs of mice with chronic infections be- 
have like old rather than young cultures. The 
possibility that actively growing bacilli might 
appear resistant to heat owing to the presence 
of lung tissue was investigated in the experiment 
in which cultures were added to lung suspension 
and exposed to heat. The results showed that, al- 
though the young culture appeared to receive 
some degree of protection from the lung tissue 
present, it was still considerably more susceptible 
to heat than the old culture. These findings sug- 
gest that the resistance to heat of the infecting 
bacilli in the lungs of the chronically infected 
mice is a phenomenon indicative of their physio- 
logic state and is not merely a consequence of 
the presence of lung tissue. They are consistent 
with the view that the bacilli are in a resting 
state. The constant level of culturable bacilli ob- 
tained in the lungs of chronically infected mice 
would therefore appear to denote a persistence 
of nonmultiplying organisms rather than a dy- 
namic equilibrium between multiplication and 
destruction. This conclusion is in agreement 
with that of Rees and D’Arey Hart (7), who 
compared culturable and total acid-fast counts 
in the lungs of chronically infected mice, in- 
cluding those used in this work. 

This interpretation of the results of the 
heat-resistance tests in the group of mice with 
chronic infections receives indirect support from 
the results obtained with the acutely infected 
animals. The difference in heat susceptibility of 
the infecting bacilli in the two groups was small 
but real, and consistent with the view that the 
bacilli in chronic infections are in a less active 
state than those in acute infections. 

The failure of the bacilli in the lungs of the 
“acute” mice to resemble young cultures in sus- 
ceptibility to heat is not altogether unexpected 
for two reasons. First, the doubling time of 
bacilli in the lungs of the “acute” mice is about 
twenty-seven hours between the tenth and 
fifteenth days after infection; this is about 
twice as long as the doubling time of bacilli in 
7H-10 medium during the logarithmic phase of 
growth. Such a difference in speed of division 
might be accompanied by an appreciable dif- 
ference in the susceptibility of the bacilli to 
heat. Second, it is possible that the bacilli in 
some parts of the lung might have ceased grow- 
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Fic. 4. The heat resistance of the infecting bacilli 
in the lungs of mice with acute and chronic tuber- 
culosis, and the heat resistance of young and old 
cultures of H37RvSR when suspended in tubercu- 
lous mouse lung. 


TABLE 1 


Heat Resistance or Inrectinc IN 
AcuTe AND CHronic TUBERCULOUS 
INFECTION IN THE Mouse 


| Decrease in Culturable 
| Count during Heating 
| at 53°C 
(Logie Culturable Units 
per Ml.) 


Initial Culturable 
Count 
| (Culturable Units per 
Ml.) 
0-1 Hours 1-2 Hours 


Infection 
in Mice 


Chronic 


| 


Average 


Acute 


ae = 


Average 2. 


* Geometric mean 


ing, and that the homogenized lung suspensions 
contained a mixture of multiplying and non- 
multiplying organisms. Heating a mixed popu- 
lation might well yield the type of killing curve 
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1” «(0.42 | (0.63 
| | 0.42 | 0.79 

10° =| 0.52 | 0.68 

| 107 0.98 0.99 

1” «(1.80 | 0.75 

107 1.08 0.31 

| 108 1.06 | 0.78 
10"* 1.27 0.69 


that was found with the “acute” mice, the initial 
killing reflecting the heat susceptibility of the 
multiplying fraction, and the subsequent slowing 
of the death rate being due to the heat resistance 
of the nonmultiplying fraction. 


SUMMARY 


Actively growing and stationary phase cul- 
tures of tubercle bacilli were found to differ 
in their susceptibility to heat at 53°C. This dif- 
ference was also demonstrable when the cultures 
were heated in the presence of tuberculous mouse 
lung. 

The heat resistance of the infecting bacilli in 
the lungs of chronically infected mice resembled 
that of stationary phase cultures. This indicated 
that the bacilli were in a resting state. This con- 
clusion was supported by the demonstration that 
the bacilli in the lungs of acutely infected mice 
were more susceptible to heat, although the dif- 
ference was small. 

The constant level of culturable bacilli in the 
lungs in chronic tuberculous infection in the 
mouse, therefore, is thought to be due to the 
persistence of nonmultiplying bacilli rather than 
to a dynamic equilibrium between multiplica- 
tion and destruction. 


SUMARIO 


La Resistencia Térmica de los Bacilos Tuberculosos 
en los Pulmones de los Ratones Infectados 


Se observé que los cultivos de bacilos tubercu 
losos en desarrollo activo y en la fase estacionaria 
diserepaban en su susceptibilidad al calor de 58°C. 
También era observable esta diferencia cuando se 
calentaban los cultivos en presencia de pulmén 
murino tuberculoso. 

La termorresistencia de los bacilos infectantes 
en los pulmones de los ratones infectados crénica 
mente se parecia a la de los cultivos en la fase esta- 
cionaria, lo cual indicaba que los bacilos se halla- 
ban en un estado de reposo. Esta conclusién 
encontré apoyo en la demostracién de que los 
bacilos de los pulmones de los ratones infectados 
agudamente eran mas susceptibles al calor, aunque 
era poca la diferencia. 

Por lo tanto, el constante nivel de los bacilos 
viables de los pulmones en la tuberculosis murina 
erénica parece deberse a la persistencia de bacilos 
que no se multiplican mds bien que a un equilibrio 
dindmico entre al multiplicacién y la destruccién. 
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REsUME 


La résistance 4 la chaleur des bacilles tuberculeux 
dans les poumons de souris infectées 


On trouva que des cultures de bacilles tubercu- 
leux, poussant activement et A la phase de repos, 
différent dans leur sensibilité A la chaleur A 53°C. 
Cette différence put aussi étre démontrée lorsqu’on 
chauffa les cultures en présence de poumon de 
souris tuberculeuses. 

La résistance A la chaleur des bacilles infectant, 
dans les poumons de souris infectées d’une facgon 
chronique, ressemble a celle des cultures A la 
phase de repos. Cette conclusion fut appuyée par 
la démonstration que les bacilles dans les pou 
mons de souris infectées d'une facon aigué furent 
plus susceptibles a la chaleur, bien que la diffé- 
rence fut minime. 

Le niveau constant de bacilles viables dans les 
poumons de souris tuberculeuses chroniques est, 
pense-t-on, par conséquent, dé A la persistance de 
bacilles ne se multipliant pas, plutét qu’A un 
équilibre dynamique entre la multiplication et la 
destruction. 
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INTRODUCTION 


A marked increase in the concentration of a 
lysozyme-like enzyme in rabbit serum following 
immunization with heat-killed tubercle bacilli 
has been reported by Myrvik and Weiser (1). In 
addition, Kerby and Chaudhuri (2) found that 
plasma concentrations of a similar substance 
were significantly higher in tuberculous patients 
than in nontuberculous subjects. The present 
writers have found that a similar situation pre- 
vails when guinea pigs are sensitized with heat- 
killed tubercle bacilli. During an earlier study 
(3), in which the release of a lysozyme-like en- 
zyme from leukocytes of tuberculin-hypersensi- 
tive guinea pigs was investigated, it was noted 
that concentrations of the enzyme in plasma 
were usually higher in sensitized guinea pigs 
than in control animals. The purpose of the pres- 
ent report is to further deseribe the increase in 
the lysozyme-like enzyme circulating in tuber- 
culin-sensitive guinea pigs and to suggest pos- 
sible mechanisms which may influence the con- 
centration of enzyme. 


MATERIALS AND METHODS 


Sensitization and skin testing: Normal, male, 
albino guinea pigs, weighing approximately 350 
gm., were rendered hypersensitive to tuberculin 
by the intramuscular injection of 1 ml. of sterile 
paraffin oil containing 5 mg. (dry weight) of heat- 
killed human tubercle bacilli (H37Rv)* The bacilli 
were harvested from autoclaved six-week-old cul- 
tures on modified Proskauer and Beck liquid me- 


Veterans Administration Hospital, Washington, 
D.C. 

* Presented in part before the Medical Session, as 
part of Section 3B, at the annual meeting of the 
American Trudeau (now Thoracic) Society, Chi- 
cago, Illinois, May 26, 1959 

* Part of this material was contained in a thesis 
submitted to The George Washington University, 
Washington, D. C.,, in partial fulfillment of the re- 
quirements for the degree of Doctor of Philosophy. 

*Culture originally obtained from Dr. William 
Steenken, Jr., Saranac Lake, New York. 


INCREASE IN CIRCULATING LYSOZYME-LIKE ENZYME FOLLOWING 
SENSITIZATION OF GUINEA PIGS WITH MYCOBACTERIUM 
TUBERCULOSIS: * 
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with distilled water, and dried at 110°C. for one 
hour. For animal injection, the bacilli were sus- 
pended in paraffin oil and sterilized in the auto- 
clave. Tuberculin hypersensitivity was determined 
by intradermal injection of 5y of PPD* 

Enzyme assay: Whole blood was obtained by 
cardiac puncture from animals that were fasted 
overnight. Serum or plasma was collected and 
stored without preservatives at —20°C. for sub- 
sequent study. Assays of the lysozyme-like enzyme 
were performed in duplicate with 0.1-ml. aliquots 
of either serum or plasma. To each sample were 
added 09 ml. of M/15 phosphate buffer (pH 7.0) 
and 15 ml. of a 200-mg. per 100 ml. suspension 
of Bacto-Lysozyme substrate’ in the phosphate 
buffer. The optical density of the suspensions was 
read immediately with an electrophotometer’ at 
525 mu, and again after twenty minutes’ incuba- 
tion at 37°C. The instrument was standardized with 
a tube containing 2.5 ml. of buffer. The per cent 
lysis of the substrate was calculated for each sample 
as the difference between the initial and final op- 
tical densities divided by the initial optical density. 
The per cent lysis of the substrate was converted 
to lysozyme equivalents by reference to a standard 
curve which had been prepared previously using 
purified egg-white lysozyme” 

Cytolysis test: Tuberculin leukocytolysis was 
determined by a method based on the release of 
a leukocytic, lysozyme-like enzyme. The technique 
was found previously (3) to be an acceptable sub- 
stitute for microscopic leukocyte counts. Four sili- 
conized serology tubes, each containing 08 ml. of 
heparinized whole blood, were prepared for each 
blood sample. Two-tenths of a milliliter of pyro- 
gen-free saline* was added to each of two tubes; 
each of the two remaining tubes received 0.2 ml. of 
saline which contained 10, of PPD. The tubes 
were sealed with silicone stoppers, rotated on a 
roller drum at 37°C. for two hours, and centrifuged. 
Enzyme assays were performed on 0.1-ml. aliquots 
of the cell-free supernatant fluids, as described 
above. Tuberculin cytolysis was recorded as the 
lysozyme A, which represents the difference be- 
tween the per cent lysis of the substrate obtained 
with the tubes containing PPD and those to which 
only saline was added. 

Statistical analysis: The methods outlined by 
Croxton (5) were used for analysis of the sig- 


* Merck, Sharp, and Dohme. 

* Difeo Laboratories, Detroit, Michigan. 

* Fisher Scientific Co., Washington, D.C. 

* Baxter Laboratories, Morton Grove, Illinois. 
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LYSOZYME-LIKE ENZYME IN GUINEA PIGS 


nificance of differences between means and for 
analysis of linear correlation. 


RESULTS 


In a preliminary experiment, the concentra- 
tion of lysozyme-like enzyme in the serum of 12 
normal guinea pigs was compared with the values 
in 12 guinea pigs that had been injected four 
months previously with heat-killed tubercle 
bacilli in paraffin oil. The results are shown in 
table 1. The concentration of enzyme was sig- 
nificantly (P < 0.01) elevated in the serum of 
the sensitized animals. 

Subsequent experiments were designed to de- 
termine at what time following injection of 
tubercle bacilli the increase in enzyme first be- 
comes demonstrable. 


In the first experiment, 36 normal guinea pigs 
were injected with heat-killed tubercle bacilli 
suspended in paraffin oil. Four animals were bled 
for serum immediately prior to injection, and the 
remaining animals were bled for serum in groups of 
4 at various intervals after injection. A second ex- 
periment was performed in the same manner ex- 
cept that plasma was collected instead of serum. 


The results are summarized in table 2, in 
which each value represents the mean of samples 
from 4 animals. The results of these experiments 
indicate that a highly significant increase (P < 
0.01) in serum and plasma concentration of ly- 
sozyme-like enzyme occurs soon after injection 


TABLE 1 


CONCENTRATION OF LYSOZYME-LIKE ENZYME IN 
Serum or NorMAL AND TUBERCULIN- 
Sensitive GUINEA Pics 


Lysozyme Equivalents 
Normal Sensitive 


per ml. 


| 


Mean 4.7 


TABLE 2 
Serum AND PLasMA CONCENTRATIONS OF 
LysozYME-LIKE ENZYME FOLLOWING 
INJECTION oF GuINEA PiIGs WITH 
HeatT-KILLED 


Mean Lysozyme Equivalents 


Days after Injection Experiment 1 


Serum) (Plasma) 


“nis 


aoc 


— = Not done 


of guinea pigs with heat-killed tubercle bacilli. 
The increase in enzyme occurred between seven 
and ten days in the first experiment, and be- 
tween eleven and fourteen days in the second 
experiment. Animals injected with paraffin oil 
alone showed no significant alteration in the con- 
centration of enzyme. 

The increase in enzyme seemed to occur at 
approximately the same time that skin sensi- 
tivity to tuberculin (6) and leukocytic sus- 
ceptibility to lysis in vitro by PPD (3) de- 
veloped. An experiment was performed to ex- 
amine this possibility. 


Twenty-four normal guinea pigs were injected 
with heat-killed tubercle bacilli and bled in groups 
of 4 at various intervals after injection. Whole 
blood was collected for the leukocytolysis tests 
and a plasma sample was separated and retained 
for enzyme assay. The animals were tested intra- 
dermally with PPD immediately after bleeding. 


The results of the cytolysis tests, PPD skin 
tests, and assays for lysozyme-like enzyme are 
presented in table 3. Each value represents the 
mean of 4 animals. The experimental values were 
compared with values obtained from 30 normal 
guinea pigs which showed means of +0.7 for 
the PPD lysozyme A, and 3.9y per ml. for plasma 
concentrations of lysozyme-like enzyme. On this 
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TABLE 3 


DeveLopmMeNnT or PPD AND 
PPD Skin Sensitivity 1N CoMPARISON WITH 
THE INcREASE or LysozYME-LIKE ENZYME IN 

THE PLASMA FOLLOWING INJECTION OF 
Guinea Pies wita HEAatT-KILLED 
Tupercie Baciuu 


Days after Mean PPD Mean PPD Skin Mean Lysozyme 
Injection Lysozyme 4 Reaction* Equivalents 

per mi : 

5 —0.1 1.0 5.2 

8 +2.3 4.1 5.1 

12 +1.5 4.7 7.2 

15 +1.5 7.1 6.1 

19 2.9 7.2 7.6 

26 +4.8 11.2 8.6 


* Millimeters of induration at 48 hours 


basis, PPD cytolysis was significant (P < 0.01) 
at nineteen and twenty-six days, and plasma 
concentrations of enzyme were significantly ele- 
vated (P < 0.01) at twelve, fifteen, nineteen, 
and twenty-six days. Significant skin sensitivity 
to tuberculin appeared between twelve and 
fifteen days, and persisted. Although skin hyper- 
sensitivity to tuberculin, leukocytic susceptibil- 
ity to lysis by PPD, and plasma concentrations 
of lysozyme-like enzyme did not reach statistical 
significance at the same time interval, these 
parameters exhibited a similar increasing trend 
during the first month of sensitization. 

The next experiments were designed to de- 
termine whether, in tuberculin-hypersensitive 
guinea pigs, there is any correlation between 
the amount of plasma enzyme, skin reactivity 
to tuberculin, and in vitro tuberculin leukocy- 
tolysis. A group of 23 guinea pigs which had been 
injected four months previously with heat-killed 
tubercle bacilli were bled for plasma and skin 
tested with PPD immediately after bleeding. The 
tuberculin reactions and plasma enzyme concen- 
trations are shown in table 4. Analysis of these 
results showed no linear correlation (r = —0.05). 
In a similar experiment, the values for lysozyme- 
like enzyme in the plasma were compared with 
the degree of in vitro PPD leukocytolysis in an- 
other group of 23 guinea pigs that had been sen- 
sitized approximately four months previously. 
The results are presented in table 5. In this case, 
as with the PPD skin reactions, the correlation 
coefficient (0.16) was not significant. 

The effect of a tuberculin skin test on serum 
and plasma concentrations of lysozyme-like en- 
zyme also was investigated. 


In the first experiment, 16 guinea pigs which had 
been sensitized with heat-killed tubercle bacilli 
four months previously were divided into four 
groups and, immediately before skin testing with 
PPD, one group was bled for serum. Subsequently, 
a group was bled for serum at one, two, and three 
days after skin testing. The second experiment also 
was performed with 16 guinea pigs that had been 
injected four months previously with heat-killed 
tubercle bacilli. However, plasma, instead of se- 
rum, was collected at zero, two, four, and eight 
days following the skin test. 


The results are summarized in table 6, in 
which each value is the mean of 4 animals. No 
significant alteration in enzyme concentration 
was observed in either experiment. Indurated 
skin reactions with average diameters of 13.7 
mm. in the first experiment and 10.2 mm. in the 
second experiment were observed at forty-eight 
hours after skin testing. Approximately one-half 
of the animals in each experiment exhibited 
central necrotic areas at forty-eight hours. Nor- 


TABLE 4 
ComMPARISON OF PLASMA CONCENTRATIONS OF 
LysozYMe-LIke AND PPD SKIN Senst- 
TIVITY IN TUBERCULIN-SENSITIVE GUINEA 
PIGS APPROXIMATELY Four MonTas ArTrerR 
INJECTION OF HEAT-KILLED TUBERCLE 
BacILut 


Animal Number | PPD Skin Reaction* | /¥se2yme Equiva- 


y per mi 
826 7.0 6.2 
831 8.5 10.1 
832 8.5 8.9 
827 9.5 9.2 
829 9.5 
837 10.0 9.4 
830 11.0 8.2 
Sod 11.0 10.5 
836 11.0 7.0 
833 11.5 6.4 
835 12.0 7.5 
186 12.0 7.5 
ISS 12.0 7.0 
189 12.0 7.0 
S28 13.0 
Is4 13.0 
42 13.0 9.1 
185 14.0 7.9 
187 14.0 6.6 
190 14.0 7.6 
193 14.0 10.0 
191 15.0 10.1 
192 18.0 7.2 


* Millimeters of induration at 48 hours 
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TABLE 5 
ComPaRISON OF PLASMA CONCENTRATIONS OF 
LysozYME-LIKE ENzYME AND IN vitro PPD 
LEUKOCYTOLYSIS IN TUBERCULIN-SENSITIVE 
GuINEA PIGS APPROXIMATELY Four 
Monrnus Arrer INJecTion or Heart- 
KILLED TuBEeRCLE 


Lysozyme Equiva- 


PPD Lysozyme 4 lents 


Animal Number 


507 
522 
405 
83 
48 
520 
41 
428 
504 


+9.{ 
+10.§ 
+11.% 
+12. 
+13.0 
+13.2 
+16.2 


o 


mal animals that were skin tested with PPD also 
showed no alteration in the amount of enzyme. 


Discussion 


To the writers’ knowledge, the elevation of ly- 
sozyme-like enzyme in the serum and plasma of 
guinea pigs injected with heat-killed tubercle ba- 
cilli ‘in paraffin oil has not been reported previ- 
ously. However, as mentioned earlier, a similar 
enzyme alteration has been observed in rabbits 
sensitized with heat-killed tubercle bacilli (1) and 
in tuberculous humans (2). The elevation of en- 
zyme in sensitized guinea pigs occurred within 
one to two weeks after injection of tubercle 
bacilli (see tables 2 and 3) and seemed to per- 
sist for some time, even as long as four months, 
after sensitization. 

The actual mechanism responsible for the in- 
crease in the enzyme following sensitization is 
not known. However, since the leukocyte is 
considered to be a primary source of the enzyme 
(7), one might suspect that some form of leuko- 
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cyte damage or lysis might be responsible for the 
increase. The possible role of leukocyte trauma 
which may occur in vitro during collection and 
centrifugation of blood cannot be ignored in this 
respect. Flanagan and Lionetti (8) demonstrated 
that variation of blood anticoagulation tech- 
niques may affect the amounts of lysozyme pres- 
ent in plasma. In the present study, however, 
the clotting process did not appear to play a 
role in the increase in enzyme following sensiti- 
zation since similar enzyme elevations were ob- 
served in both plasma and serum (see table 2). 
To attribute the increase in enzyme to an artifact 
arising from leukocyte damage in vitro it would 
necessarily follow that, during sensitization, 
leukocytes of sensitized guinea pigs become more 
susceptible to damage during blood collection 
and centrifugation. Although this possibility 
was not explored in the present study, it is of 
interest to mention Patnode and Hudgins’ find- 
ing (9) that monocytes from guinea pigs in- 
jected with heat-killed H37Rv organisms are 
more resistant to disruption by the mechanical 
trauma of sonic vibration than are similar cells 
of normal animals. However, one cannot neces- 
sarily conclude that leukocytes which are re- 
sistant to sonic vibration are also resistant to 
other forms of trauma. 

The possibility exists that damage or lysis of 
leukocytes in vivo may cause an increased con- 
centration of lysozyme-like enzyme following 
sensitization. The cytotoxic and cytolytic ef- 
fects of tuberculin on leukocytes of sensitive ani- 
mals might be considered in this respect. How- 
ever, the experimental results do not support 
this hypothesis. Although an increase in en- 


TABLE 6 
Errect or TUBERCULIN Skin Test ON 
CONCENTRATION OF LYSOZYME-LIKE 
ENZYME TUBERCULIN-SENSITIVE 
GuINEA Pies 


Mean Lysozyme Equivalents 
Days after Skin Test , 
Experiment 1 Experiment 2 


¥ per ml. 


— = Not done 


= 
+0 
+3 
+3 
+3 
+4 
+5 
+6 
+6 
+6 tig 
508 +6 
524 
76 +7 
430 +8 
86 +s 
412 
38 | 
84 
406 
: 600 7.8 
0 8.0 8.6 q 
1 7.6 =e 
2 8.6 7.6 
3 6.4 
4 _ 8.4 
8 8.6 
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zyme was found during the development of 
skin hypersensitivity to tuberculin and leuko- 
cytic susceptibility to lysis by PPD soon after 
sensitization (see table 3), a cause-and-effect re- 
lationship could not definitely be established. 
Approximately four months after sensitization 
no correlation was found between the amount of 
enzyme in the plasma and either skin reactivity 
to PPD or PPD leukocytolysis (see tables 4 and 
5). 

The results of experiments concerned with the 
effect of tuberculin skin testing on the concen- 
tration of lysozyme-like enzyme are of interest. 
It has been suggested (10, 11) that some form of 
in vivo leukocyte lysis by tuberculin may occur 
during the development of a skin reaction to 
tuberculin. The results of the present study (see 
table 6) showed that no alteration in the amount 
of enzyme occurred within eight days after 
tuberculin skin testing, suggesting that in vivo 
leukocyte damage by tuberculin does not occur. 
The possibility exists, however, that some leuko- 
cyte injury actually may have taken place, but 
it was of such a low degree that it was not de- 
tectable by the assay method used. 

In addition to the possible effects of tuberculin 
on leukocytes in vivo, it seems reasonable to 
believe that increased amounts of enzyme follow- 
ing sensitization may be a reflection of non- 
specific leukocyte trauma in vivo, which may not 
be related to tuberculosis or to the leukocytic 
reactions characteristic of tuberculin hypersen- 
sitivity. A rise in serum enzyme has been ob- 
served (1) in rabbits injected with heat-killed 
Escherichia coli, Saccharomyces cerevisiae, or 
Mycobacterium smegmatis suspended in paraffin 
oil. Increased enzyme values also have been 
found in cancer patients (12) and in mice that 
have been injected with zymosan (13). Recently, 
Myrvik (14) suggested that elevated serum 
lysozyme may be associated with granulomatous 
inflammation. The possible role of leukocyto- 
toxic substances also should be considered. Using 
the release of lysozyme-like enzyme as an index 
of cellular damage, Kerby (15) demonstrated 
that derivatives of various bacteria were toxic 
for human leukocytes. The present writers have 
found (16) that certain lipid constituents of 
virulent tubercle bacilli (H37Rv) cause the re- 
lease of enzyme from normal guinea pig leuko- 
cytes. 

Although the actual mechanism responsible 
for elevation of the lysozyme-like enzyme in 
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guinea pigs injected with heat-killed tubercle 
bacilli is not known, the very fact that the en- 
zyme is elevated is of interest. Melsom and 
Weiser (17) increased the resistance of mice to 
pneumococcal infection by treatment with lyso- 
zyme. Similar attempts by Corper (18) and 
Weiser and his associates (19) to increase re- 
sistance to tuberculosis or to treat the disease 
with lysozyme have not been successful even 
though the enzyme has been shown to possess 
bacteriostatic (20) and bactericidal (21) activ- 
ity against tubercle bacilli. Despite its failure 
to date in therapeutic trials, Weiser (22), Sei- 
bert (23), and Myrvik (14) have suggested that 
the enzyme may have an important role in the 
immune response in tuberculosis. 


SUMMARY 


The circulating concentrations of a lysozyme- 
like enzyme in guinea pigs injected with heat- 
killed tuberele bacilli (H37Rv) suspended in 
paraffin oil were significantly higher than those 
in normal animals. The increase in enzyme was 
found to oecur early in the course of sensitization 
and to persist as long as four months, at which 
time there appeared to be no correlation between 
the amount of enzyme in the plasma and either 
skin hypersensitivity to tuberculin or susceptibil- 
ity of leukocytes to lysis by PPD in vitro. 
Tuberculin skin testing of sensitized animals 
produced no significant alterations in the con- 
centration of enzyme. Various mechanisms which 
might be responsible for elevated enzyme values 
following sensitization are discussed. 


SuMARIO 


Elevacién de las Concentraciones Circulantes de un 
Enzima Lisozimoideo a Continuacién de la 
Sensibilizacién de los Cobayos con 
Mycobacterium Tuberculosis 


Las concentraciones de un enzima lisozimoideo 
en la cireulacién de los cobayos a los que se inyec- 
taron bacilos tuberculosos (H37Rv) matados al 
calor y suspendidos en aceite de parafina resulta- 
ron ser significativamente mds altas que las de 
animales normales. Se observé que el aumento del 
enzima tenfa lugar tempranamente en el trans- 
curso de la sensibilizacién y que persist{a aun a los 
cuatro meses, para cuya fecha no parecia que 
hubiese correlacién entre las concentraciones del 
enzima en el plasma y va la cutihipersensibilidad 
a la tuberculina o la susceptibilidad de los leuco- 
citos a la lisis por PPD (DPP) in vitro. La compro- 
bacién cutdnea con tuberculina en los animales 
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sensibilizados no produjo alteraciones de impor- 
tancia en las concentraciones de enzima. Se dis- 
ecuten varios mecanismos que podrfan ser la causa 
de la elevacién de las concentraciones de enzima 
consecutivamente a la sensibilizacién. 


RESUME 


Elévation des niveaur d'un enzyme semblable du 
lysozyme en circulation aprés sensibilisation 
de cobayes 4 Mycobacterium tuberculosis 


Les niveaux d’un enzyme en circulation, sem- 
blable au lysozyme, chez des cobayes A qui on a 
injecté des bacilles tuberculeux tués par la chaleur 
(H37Ryv), en suspension dans de |’huile de para- 
ffine, furent nettement plus élevés que ceux d’ani- 
maux normaux. On trouva que l’augmentation en 
enzyme se produit t6t au cours de la sensibilisa- 
tion et persiste aussi longtemps que quatre mois, 
moment od il semble qu’il n’y a pas de corrélation 
entre les niveaux d’enzyme dans le plasma et 
l’hypersensibilité cutanée A la tuberculine ou la 
sensibilité des leucocytes A la lyse par PPD in 
vitro. La réaction cutanée a la tuberculine des 
animaux sensibilisés ne produisit pas de change- 
ment important dans les niveaux d’enzyme. Les 
auteurs discutent des méchanismes variés qui 
pourraient étre responsables des niveaux élevés 
d’enzyme aprés sensibilisation. 
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Case Reports 


PULMONARY ALVEOLAR PROTEINOSIS' 
Report of a Case in Japan 


SUTEMI OKA, HARUO KANAGAMI, SHOZABURO NASU, KEIGO MIYAKAWA, 
KOICHI SEDA, TORU KOIKE, ayo TERUO HANDA 


(Received for publication November 21, 1960) 


INTRODUCTION 


In 1958, Rosen, Castleman, and Liebow (1) 
described a new clinicopathologic entity called 
“pulmonary alveolar They col- 
lected 27 studies of this disease. Since then three 
cases have been reported by Sieracki, Horn, and 
Kay (2), one case by Moertel, Woolner, and 
Bernatz (3); one by Landis, Rose, and Sternlie 
(4); one by Payseur, Konwaler, and Hyde (5) ; 
one by McDowell, Williams, and Hinds (6); 
one by Carabasi and Barta (7); one by Pitt 
(S); one case by Carlson and Mason (10); and 
four cases by Plank, Swift, Chambers, and Pelt- 
zer (11). 

Although the histologic features were char- 
acteristic and similar in these reports, the clinical 
patterns varied somewhat in each case. The 
present case, probably the first detected in 
Japan, is reported in detail, because the patient 
apparently had no complaints and had detailed 
cardiopulmonary function studies, which may 
contribute to the clinical picture of the disease. 


proteinosis.” 


Case Report 


A 19-year-old female entered the Second In- 
ternal Clinic of Iwate Medical College on Novem- 
ber 11, 1959. In the summer of 1958, her disease was 
diagnosed as pulmonary tuberculosis in a roent- 
genographic survey (figure 1). At that time, she 
had no symptoms except slight fatigue. Before ad- 
mission, the patient had been treated with strepto- 
mycin, PAS, and isoniazid for two months and 
then with PAS and isoniazid for twelve months in 
a local hospital in Iwate Prefecture, but there was 
no apparent response to these drugs. The roent- 
genogram obtained in November, 1959, at this 
Clinie was considered to be consistent with sar- 
coidosis (figure 2) 

Past history: The tuberculin reaction was known 
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and Leprosy, Tohoku University, Kitayobancho, 
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to have become positive when the patient was 
eleven years old. She had sometimes had a feeling 
of catching a cold, with slight dry cough in the 
winter season; but chest films obtained in routine 
mass school surveys once a year from the ages of 
nine to fifteen years were considered normal. In 
March, 1957, the patient went to work in Yoko- 
hama as a worker in a transistor manufacturing 
plant where, for one year, she handled fine strings 
as well as an adhesive “Semedain” containing amy! 
nitrite, ethyl amyl, and phenol formaldehyde. 

Physical examination: The patient was well de- 
veloped and fairly well nourished. Her height was 
159.5 cm.; her weight, 53 kg. Her pulse was 72 
per minute and the temperature, 365°C. Sclerae 
and conjunctivae were normal, with no jaundice or 
pallor. The patient showed no evidence of cyanosis 
or clubbing of the fingers. The skin was warm, and 
there was no evidence of jaundice, ecchymosis, 
eruption, or pigmentation. No palpable lymphad- 
enopathy was noted. Her blood pressure was 108 
systolic, 80 diastolic in mm. of mercury. The elec- 
trocardiogram was normal. The tuberculin reaction 
was positive. Sputum was negative for acid-fast 
bacilli and fungi by culture as well as by micros- 
copy. 

A roentgenogram of the chest showed diffuse 
nodular densities with prominence of both hilar 
areas and of both basal lung fields (figures 1, 2, 3). 
Planigrams revealed no cavity. Calcified foci or 
enlargements of hilar nodes were not observed (fig- 
ure 4). Bronchograms showed no pathologic ab- 
normalities (figure 5). 

Laboratory data: The erythrocyte count was 
5,720,000 per cu. mm.; the hematocrit, 49.9 per 
cent. The hemoglobin was 19 gm. per 100 ml. The 
leukocyte count was 6,000 per cu. mm. The differ- 
ential leukocyte count in per cent was: neutrophils, 
57; lymphocytes, 33; eosinophils, 3, monocytes, 7. 
On November 14, 1959, the erythrocyte count was 
4,640,000 per cu. mm. Two months later (January 
16, 1960) the hemoglobin was 14.39 mg. per 100 ml.; 
the leukocyte count, 6,600 per cu. mm. with 71 
neutrophils, 2 eosinophils, 25 lymphocytes, and 2 
monocytes. The erythrocyte sedimentation rate 
was 5 mm. in one hour on November 13, 1959, and 
5 mm. on January 12, 1960. 

Liver function studies: The icterus-index, Ta- 
kada’s reaction, or cerebrospinal fluid, were within 
normal limits (November 16, 1959). The total 
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Fic. 1 (Upper). Roentgenogram of September 
12, 1958, taken soon after the film obtained during 
the mass roentgenographic survey. Diffuse nodular 
infiltration with prominence of both hilar areas and 
both basal lung fields are seen. A few nodular 
densities are in the left lower fields and also in the 


serum protein was 83 gm.; albumin, 50.9 per cent; 
a-globulin, {6.5 per cent; B-globulin, 93 per cent; 
y-globulin, 228 per cent; serum sodium, 1440 
mEq/L.; serum potassium, 4.7 mEq/L.; 17 keto- 
steroids in urine were 32 mg. per day, and 17 
ketosteroid hydroxy corticosteroids (OHCS) in 
urine 39 mg. per day. Serum cholesterol was 184 
mg. per 100 ml. 

As shown in table 1, the ventilatory function 
and intrapulmonary gas distribution were abso- 
lutely normal, except for a slight increase of re- 
sidual volume. This increase of residual volume 
may be considered as a compensatory overdisten- 
tion of the remaining normal lung because the pa- 
tient had no sign of obstruction. The most charac- 
teristic finding was a decrease of carbon monoxide 
pulmonary diffusing capacity determined by a 
single-breath method; this was interpreted as a 
slight evidence of alveolar-capillary block in this 
patient. However, the increase of diffusing capacity 
for carbon monoxide (Deo) during exercise was 
quite remarkable, showing that the expansibility 
of the pulmonary capillary bed in this patient was 
well reserved. As the walking index was normal 
and the patient had no dyspnea during exercise, the 
change of alveolar capillary block was thought to 
be of slight degree 

The results of right heart catheterization are 
shown in table 2. Arterial oxygen saturation was 
916 per cent and oxygen pressure (Po,) was 63 
mim. of mercury showing a slight decrease, but 
other data were within normal limits. 

Roentgenographic examination of the family: 
The patient’s parents, one brother, and one sister 
were examined roentgenographically, but they 
showed no abnormalities in their chest films. 

After admission the patient had no complaints. 
Her temperature, pulse, and respiration were nor- 
mal. She was treated with a triple-drug regimen: 
10 gm. of streptomycin, intramuscularly, twice 
a week; 150 mg. of isoniazid twice a week; and 10 
gm. of PAS daily: but there was no roentgeno- 
graphic evidence of response to these drugs. 

On February 2, 1960, a biopsy of the right middle 
lobe was performed. ¥ 


Macroscopic findings: On the cut surface of 
the resected specimen of the right middle lobe 
were discrete, sharply defined lesions, in which 
multiple small nodular, yellow-gray, pasty-film 


first and fourth right intercostal spaces. Cavity, 
hilar lymph node enlargement, and calcified foci 
are not found. 

Fic. 2 (Center). Roentgenogram of November 
10, 1959, at the time of the patient’s visit to the 
Clinic. Before then she had been treated with 
streptomycin, PAS, and isoniazid for two months; 
then with PAS and isoniazid for one year. The 
roentgenographic finding is nearly the same as in 
figure 1. 

Fic. 3 (Lower). Roentgenogram of January, 
1960, taken before biopsy was performed. 
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Fic. 4 (Upper). Planigram of November 19, 1959. There are a few nodular densities in 
the left middle and lower lung fields and also in the right upper and right middle fields. 


No cavity is present 


Fig. 5A (Lower left). Bronchogram of right side of chest, obtained on November 26, 1959, 


revealed no pathologic changes 


Fic. 5B (Lower right). Bronchogram of left side of chest, obtained on December 1, 1959, 


nearly normal. 


substances were noticeable (S, and S,). There 
were no signs of pleuritis. 

Histologic findings: Paraffin sections of the 
tissues obtained from several parts of the in- 
volved lung, fixed with either formalin or ab- 
solute aleohol, were stained with hematoxylin 
and eosin. The amorphous eosinophilic sub- 


material, 


stance, the so-called “proteinaceous’ 
filled most of the alveoli. The material in the 
alveoli caused marked thinning or even ruptures 
of the septa in some places, but there were no 
inflammatory changes. On the other hand, it 
was noted that the cells lining alveolar septa in 
some parts were multilayered, apparently as a 
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TABLE 1 
PuLmonary Function Tests 
Sex: F Age: 18 Date: January 29, 1960 
Weight : 53 kg. Height: 159.5 em. 
Body Surface Area: 1.54 M? 


Normal Per Cent Normal 


Maximal breathing capacity (L./min.) 
Walking ventilation (L./M? min.) 
Walking index 
Dyspnea 
Vital capacity 
Timed vital capacity: 1 second 
2 seconds 
3 seconds 
Air velocity index 


Spirometry and Lung Volume 


110 


Respiratory rate /minute 
Tidal volume, cc. 
Inspiratory capacity, cc. 
Expiratory reserve, cc. 
Vital capacity, ec. 
Minute ventilation, liters 
Minute oxygen consumption, cc. 
Ventilatory equivalent 
Residual volume 

Total lung capacity 
RV/TLEC ratio 


Normal Per Cent Normal 


Deo during exercise 27.30 cc./min./mm. Hg. 


result of proliferation (figure 6). Arginophil 
fibers were increasing in the thickening wall of 
septa. There was no inflammatory reaction be- 
tween the normal and the involved alveoli. 
The epithelia of small bronchioles were not af- 
fected when the proteinaceous substance ap- 
peared. The cells lining alveolar septa, “septal 
cells,” in some parts were in process of desqua- 
mation in alveoli (figure 7). These cells were 
found to be foamy, degenerated, and sloughed 
in the lumen, showing signs of karyorrhexis and 
necrosis of nuclei (figure 8). 

The “laminated” bodies, described by Rosen 
and others (1), however, could not be found in 
this specimen. The amorphous substance was 
strongly positive with periodic acid-Schiff stains 
as well as with the Best-carmine reagents, even 
after a salivary digestion. This intra-alveolar 
substance was metachromatic and was also posi- 
tive with Feulgen reaction. No fluorescence was 
observed in the proteinaceous substance with 


= at rest 21.91 ec./min./mm. Hg. (71% of predicted). 


auramine staining. The substance appeared light 
green with Masson-Goldner’s modification of tri- 
chrome, and generally gave a blue tint with 
Azan-Mallory or Weigert’s fibrin stains. The 
muci-carmine reaction was generally negative, 
although both the epithelium of the bronchioles 
and a point of material in the lumen gave 
slightly positive results. Crystal-violet and 
Congo-red reactions for amyloid were negative. 

Sudan III, Sudan black B, and Oil red-O 
staining for this substance showed only a small 
collection of lipid in the degenerated large mono- 
nuclear cells. Some of the lumina showed choles- 
terin crystal refracted to the polarized light. 'The 
proteinaceous substance was not found positive 
for cholesterin with both the Schultz and 
Smith-Dietrich reactions. 

Findings of microorganisms with various 
stainings, such as the Gram, the MacCallum- 
Goodpasture, the Ziehl-Neelsen, and the Giemsa 
stains, gave negative results. 
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TABLE 2 
Data on Rigut Carpiac CATHETERIZATION 


Observed Value Normal Value | 


saturation 
cent) 


~ 


Systolic 27.5 mm.Hg 


Diastolic mm.Hg (5 


Cardiae output (L. 
min.) 


Right 
ventricular 
pressure 


Mean 10.0 mm.Hg 


cr. | Systolic 26.0 mm.Hg (25.0) | Cardiae index (L./ 
min./m?*) 

§ % Diastolic 6 mm.Hg (8.0) | 

ste | One-stroke volume 
“| Mean 15.1 mm.Hg (15.0) (ce.) 


| O» content of mixed | 14.68 


Hematocrit 49.0 (39-52) 
venous blood (vol- 
Right atrial pressure 2.2mm.Hg (—2-2) ume per cent) 


(per 


Observed 


Value Norma! Value 


(13-15) 


(4.81 + 0.65) 


3.506 (3.21 + 0.76) 
80.7 (65.5 + 9.6) 


Pulmonary capillary 8.0 (6.0) Pulse rate 
pressure (mm.Hg.) 
pH of arterial blood 
Difference between 7.1 (9.0) 
pulmonary and capil CO, (volume per 
lary pressure cent) 
(mm.Hg.) 
- (Bs*) b mEq/L. 
Pulmonary arterial 103.4 (70.0) 
resistance (dyne pH of mixed venous 
sec./em.~§) blood 


CO, (volume per 
cent) 


Total pulmonary vas 
cular resistance 


(dyne/see./em.~*) 
PCO, (mm.Hg.) 


(120.0) 


Systolic 
(B,*) b mEq/L. 


Diastolic (80) 


Bronchial 
arterial 
pressure 


Mean (93) 


Systolic peripheral re 
sistance (dyne/sec. 
em.~) 

Total peripheral resist 
ance (dyne/sec./em.~*) 


A-M Vo, diff (volume 
per cent) 

consumption (ce. 

min.) 


O--volume of 20.48 (20-21) 
arterial blood 
(volume per 
= 
= cent) 
2 QO, saturation 91.6 (95-97) | 
a Po, mm.Hg. 63 (75-100) 
Peo, mm.Hg. 33 


SA2 


68/min. 

7.45 7.38-7.41) 
41.71 (18.73 m mol) 
48 (53-45) 

7.45 


45.39 
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Fic. 6 (Upper). The cells lining alveolar septa are multilayered, apparently as a result of 
proliferation. 

Fic. 7 (Center). “Septal cells” are in process of desquamation and transformation into 
proteinaceous material. 

Fic. 8 (Lower). “Septal cells” are seen in proliferation and desquamation into alveoli. 
Nuclei are in process of carioclasis, pyknosis, or necrosis. 
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In the bronchial lymph nodes, hyperplasia of 
reactive centers was noted, and some of the pro- 
liferated endothelial cells were found to be posi- 
tive with periodic acid-Schiff stains. 


Discussion 


Pulmonary alveolar proteinosis is a rare dis- 
ease, and the etiology is still unknown. However, 
suggestions as to its etiology have been made by 
Payseur and others (5). They suggest that in- 
haled pulmonary irritant may cause this condi- 
tion. The patient was working in a transistor 
manufacturing plant and was using a chemical 
material which contained amyl nitrite, ethyl 
amyl, and phenol formaldehyde. These materials 
are quite irritant. Therefore, in this case, the in- 
haled pulmonary irritants may have played a 
part in the etiology. 

Characteristic findings of the clinical picture of 
this disease are an insidious onset of progressive 
dyspnea, cough, frequent chest pain, fatigue and, 
later, loss of weight, clubbing, and cyanosis. In 
fact, dyspnea was noted in twenty-two of thirty- 
six cases reported up to the present. However, in 
the present case, the disease was detected by 
mass roentogenographie survey, and the patient 
had none of these complaints or clinical symp- 
toms, not even dyspnea. This patient showed 
nearly normal pulmonary function except for 
a slight impairment of pulmonary diffusing ca- 
pacity. 

Concerning pulmonary function studies of this 
disease, Rosen and associates (1), Sieraki and 
co-workers (2), and Nagahama (9) also have 
made reports. Rosen and associates studied 10 
cases and reported that usually a slight decrease 
in vital capacity, maximal breathing capacity, 
and arterial oxygen saturation, and a moder- 
ate increase in alveolar and arterial oxygen dif- 
ference appeared in two cases, which suggest 
evidence of alveolar capillary block. 

Sieraki and co-workers (2) reported a slight 
restrictive insufficiency and a slight decrease of 
arterial oxygen saturation. Nagahama (9) found 
a slight restrictive insufficiency with a slight de- 
crease of vital capacity, residual volume, and 
—the most significant finding—a marked de- 
crease of pulmonary diffusing capacity. In the 
present case, the pulmonary function was nearly 
normal, except for a slight decrease of pulmonary 
diffusing capacity, although the patient com- 
plained of no dyspnea. It was quite remarkable 
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that ventilatory functions were nearly normal 
despite extensive pulmonary disease with alve- 
olar filling of proteinaceous material. This may 
be due to the compensatory distention of the re- 
maining normal lung since the progress of this 
disease was quite slow in this patient. 

According to the extent and stage of the dis- 
ease the pulmonary function may show various 
impairments from a slight restrictive insufficiency 
to a severe diffusion impairment, with alveolar 
capillary block. Pathologie findings of the re- 
sected specimen were essentially the same as 
in Rosen’s original report (1). 


SuMMARY 


A case of the rare disease, “pulmonary alve- 
olar proteinosis,” the first observed in Japan, 
was studied. The patient, detected by mass ro- 
entgenographie survey, showed an extensive pul- 
monary lesion, but no subjective symptoms at 
all. Cardiopulmonary function was studied in de- 
tail, and a decrease of pulmonary diffusing ca- 
pacity was the characteristic finding. 


SuMARIO 


Proteinosis Alvéolo-Pulmonar. Presentacién 
de Un Caso del Japén 


Se estudia un caso de la rara enfermedad, ‘‘pro- 
teinosis alvéolo-pulmonar,”’ el primero del Japén. 
El enfermo, descubierto en una encuesta radio- 
grafica colectiva, revelé una extensa lesién pul- 
monar, pero sin ningdn sintoma subjetivo. Se 
estudié a fondo la funcién cardiopulmonar y la 
disminucién de la capacidad difusora pulmonar 
fué el hallazgo tipico. 


RESUME 


Proteinose pulmonaire alvéolaire. Rapport 
d’un cas au Japon 


Les auteurs ont étudié un cas de la maladie 
rare, ‘“‘La protéinose pulmonaire alvéolaire,’’ le 
premier cas au Japon. Le malade, dépisté par une 
étude radiographique en masse, montrait une 
lésion pulmonaire étendue, mais aucun symptéme. 

On étudia en détail la fonction cardiopulmo- 
naire, et la donnée caractéristique fut une diminu- 
tion de la capacité pulmonaire de diffusion. 
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INTRODUCTION 


Fungi of the genus Aspergillus are widespread 
and are encountered frequently as secondary in- 
vaders or accidental contaminants (1). A diag- 
nosis of primary aspergillosis of the lungs is 
difficult to document, and only a few cases have 
been reported. The following case report dem- 
onstrates some features of aspergillar infection 
that are quite unusual; a similar case has not 
been found in the medical literature. 


Case Report 


The patient was a 25-year-old carpenter and 
farmer. In 1947, an area of increased infiltration in 
the left lung was visualized on a routine survey 
roentgenogram. Although the patient remained 
asymptomatic, roentgenograms repeatedly showed 
progressive infiltration, and by 1952, two explora- 
tory thoracotomies (performed elsewhere) demon- 
strated a nonresectable lesion involving the entire 
left lung. Microscopic examination of biopsy sec- 
tions disclosed very dense fibrous tissue containing 
multiple foci of granuloma and branching mycelia. 
Cultures grew an unknown species of Aspergillus. 

The patient felt well until April, 1954. On July 
4, 1954, he was admitted to the Scott and White 
Memorial Hospital. During these three months, he 
had developed a nonproductive cough, progressive 
dyspnea, nausea, anorexia, weakness, and hoarse- 
ness. He had lost 40 pounds in weight. 

Physical examination: The patient was tall, pale, 
and thin. The left supraclavicular fossa contained 
a firm, round mass. Breathing was labored when 
the patient was in the sitting position, and became 
more difficult when he lay down. Breath sounds 
were decreased in intensity in the upper one-third 
of the posterior portion of the left lung, and were 
absent in the lower two-thirds. The right lung was 
normal. Over all valvular areas of the heart, a 
rough murmur was heard during systole. The pa- 
tient’s pulse was regular, 104 beats per minute. 

Laboratory and roentgenographic findings: 
Complete blood counts were of essentially normal 
values except for one differential smear in which 
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eosinophils numbered 23 per cent. Aspergillus 
fumigatus was cultured from the sputum. A roent- 
genogram of the chest (figure 1) revealed complete 
opacity of the left lung with displacement of the 
mediastinum to the right. The right lung appeared 
normal. 

Treatment: The patient was given potassium 
iodide ; isoproterenol (Isuprel®) by nebulization; 
aminophyllin, intravenously; corticotropin gel; 
sulfadiazine ; streptomycin; positive-pressure oxy- 
gen therapy; and postural drainage. On this regi- 
men, the patient's appetite increased, a sense of 
well-being developed, and ventilation of the left 
lung improved. He was dismissed from the hospital 
on August 17, 1954, with instructions to return in 
two weeks. 

Second period of hospitalization: Because of 
pain in the right side of his chest, the patient was 
readmitted to the hospital after only five days. He 
had fever, 100°F., cyanosis of the lips and nail 
beds, pitting edema of the feet and legs, and or- 
thopnea. Roentgenograms (figure 2) of the chest 
showed partial clearing of the left lung and shifting 
of the mediastinum back toward the midline. The 
electrocardiogram showed widespread changes in 
the T waves and S-T segments. Narcotics were re- 
quired to relieve the pain. Failure of the right 
ventricle necessitated digitalization. Massive edema 
persisted. Although oxygen therapy was adminis- 
tered, the patient remained cyanotic. His urinary 
tract became obstructed. Horner’s syndrome de- 
veloped on his left side. On September 1, 1954, he 
became hypotensive, his pulse rate became rapid 
and irregular. Two hours later, he died. 

Autopsy findings: Permission was granted for 
complete postmortem examination of the thoracic 
viscera and an examination in situ of the remaining 
viscera. 

When the skin of the chest and abdomen was 
reflected, the subcutaneous tissue was found to be 
quite edematous. Because a dense fibrous process 
had extended from the rib cage into the skin, the 
skin of the thorax in the region of the left second, 
third, and fourth ribs was difficult to remove. 
Numerous enlarged lymph nodes were present in 
the left axilla. A well organized and partially 
eanalized thrombus was found in the left sub- 
clavian vein. 

The sternal plate was removed with difficulty. 
The upper two-thirds of its posterior surface was 
attached by dense fibrous tissue to a mediastinal 
mass. The structures of the mediastinum, including 
the base of the heart and the great vessels, were 
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Fic. 1 (Left). Admission roentgenogram showing obliteration of the left lung field with 
displacement of the mediastinum to the right. 
Fic. 2 (Right). Follow-up roentgenogram showing some clearing in the left lung. 


Fic. 3 (Upper). Autopsy specimen showing aspergillosis of the mediastinum with invasion 
of the vena cava. 

Fic. 4 (Lower). Autopsy specimen demonstrating aspergillosis of the mediastinum with 
invasion of the myocardium. 


887 


a 
— 
£ 
= 
a 


888 


incorporated in this mass, and the pericardial cav- 
ity was occluded by it. The portion of the mass 
which had extended into the neck could not be 
dissected free without mutilation of the neck and 
face. 

The thoracic viscera were involved so markedly 
by the fibrous process that dissection of individual 
organs was not practicable. Transverse sections 
were made through various levels of the mediasti- 
num and through the lungs. In several vessels, 
polypoid vegetations were projecting from the 
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adjacent mass into the lumina; and the vena cava 
at its entrance into the right atrium was almost oc- 
cluded by these vegetations (figure 3). The base of 
the heart was involved extensively, and little dis- 
tinction could be made between the fibrous growth 
and the pericardium and the myocardium (figure 
4). Pericardial adhesions were dense. Both lungs 
were infiltrated at all levels by the fibrous process, 
and the left lung was almost replaced by it. The 
right and left pleural cavities contained approxi- 
mately 1,000 ml. of clear, yellow fluid. 


Fic. 5 (Upper). Photomicrograph demonstrating aspergillosis in the myocardium. (250) 
Fic. 6 (Lower). Photomicrograph of bronchial blood vessel with embolus of Aspergillus 


fumigatus. 
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PRIMARY PULMONARY ASPERGILLOSIS 


Microscopically, a branching fungus with sep- 
tate hyphae infiltrated all of the organs. A pro- 
liferative process characterized by various stages 
of fibrosis, ranging from young fibroblasts to ma- 
ture fibrous tissue, was present. An occasional giant 
cell was found. The fungus and the associated pro- 
liferative process invaded the heart muscle (figure 
5), the blood vessels, and the lung parenchyma. In 
some of the blood vessels and bronchi, solid col- 
onies of fungus were observed, similar to those seen 
in the tissues (figure 6). 


Discussion 


Various classifications for pulmonary asper- 
gillosis have been proposed, and several clinical 
types have been described (2-4). The sever- 
ity ranges from mild tracheobronchitis to 
pulmonary infiltrates indistinguishable from 
bronchopneumonia, tuberculosis, neoplasm, and 
cavitary lesions. A localized bronchial lesion 
(mycetoma) which produces a characteristic 
picture on the roentgenogram has been dem- 
onstrated (5, 6). This has been called the 
“sign of the tegmentum” and is due to the 
growth of a “fungous ball” in a dilated bronchus 
topped by a thin, clear “tegmentum” or crescent 
of air in the unoccluded portion of the bron- 
chial lumen. Parenchymal involvement is not 
apparent with this type of lesion. 

Adequate criteria for the diagnosis of asper- 
gillosis have not been established. Cawley (4) 
says that the diagnosis is based on repeatedly 
positive cultures, wherein the danger of con- 
tamination has been eliminated, together with 
finding the organism in biopsy specimens. Ac- 
cording to Smith (1), the mycelial forms should 
be demonstrated in the discharges before the 
material is cultured. 

In the case presented, the diagnosis of primary 
pulmonary aspergillosis was proved by positive 
cultures from biopsy and sputum specimens. 
Histologic examination further substantiated the 
diagnosis. A “frozen” mediastinum, such as might 
be expected in an invasive malignant process, 
and complete opacification of the left side of the 
chest with displacement of the mediastinum 
(demonstrated on roentgenograms) were the 
very unusual findings. These features of asper- 
gillar infection have not been described previ- 
ously. 

The treatment of the more generalized forms 
of aspergillosis is unsatisfactory. Localized pul- 
monary or bronchial lesions can be excised (3, 
7-9). When the drug first became available, 
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Kelmenson (10) reported temporary closure of 
a bronchopleural fistula in one patient treated 
with amphotericin B. Recently, a report by Peer 
(11) indicates that the use of amphotericin B 
was “life-saving” in one patient with aspergillosis 
complicating pulmonary tuberculosis. Myco- 
statin (Nystatin®) has been used to eliminate 
the infection in the pneumonectomy space of 
two patients (12). 


SuMMARY 


An unusual case of primary pulmonary asper- 
gillosis with invasion and displacement of the 
mediastinum is reported. Roentgenograms 
showed complete opacity of the left side of the 
chest and shifting of the mediastinum. The 
diagnosis was proved by the demonstration of 
branching fungi with septate hyphae in biopsy 
specimens, as well as cultures of Aspergillus 
from the sputum. At autopsy, fibrous tissue pro- 
liferation was marked, and invasion by the 
fungus produced a frozen mediastinum which re- 
quired that the entire thoracic contents be 
removed in a block. Branching fungi with sep- 
tate hyphae were present in the tissues examined 
post mortem. 


SuMARIO 


Aspergilosis Pulmonar Primaria: Con Invasién del 
Contenido Mediastinico y de los Ganglios 
Linfaticos 


Se presenta un caso extrafio de aspergilosis 
pulmonar primaria con invasion y desplazamiento 
del mediastino. Las radiografias revelaron opaci- 
dad total del lado izquierdo del térax y desviacién 
del mediastino. Se confirmé el diagndéstico con el 
hallazgo de hongos ramificantes con hifas tabi- 
cadas en los ejemplares obtenidos por biopsia asi 
como por cultivos del aspergilo en el esputo. En la 
autopsia, estaba acentuada la proliferacién del 
tejido fibroso y la invasién por el hongo produjo 
un mediastino congelado que obligé a extraer en 
un bloque todo el contenido tordcico. En los tejidos 
estudiados después de la muerte, habia hongos 
ramificantes con hifas tabicadas. 


RESUME 


Aspergillose pulmonaire primaire: avec 
envahissement du contenu médiastinal 
et des ganglions lymphatiques 
Les auteurs rapportent un cas inhabituel d’as- 


pergillose pulmonaire primaire avec envahisse- 
ment et déplacement du médiastin. Les radio- 
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graphies montrérent une opacité compléte du 
coté gauche de la poitrine et un déplacement du 
médiastin. On prouva le diagnostic en démontrant 
les champignons A branches, avee les filaments 
divisés par un septum, dans les échantillons de 
biopsies, en méme temps que dans des cultures 
d’aspergillus A partir de l'expectoration. A l’au- 
topsie, la prolifération de tissu fibreux était 
marquée, et l’envahissement par le fungus pro 
duisit un médiastin bloqué qui forga a enlever le 
contenu thoracique en bloc. Les champignons a 
branches, avec leurs filaments divisés par un 


septum, étaient présents dans les tissus examinés 


post-mortem. 
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Notes 


A NEW SYNTHETIC COMPOUND WITH ANTITUBERCULOUS 
ACTIVITY IN MICE: ETHAMBUTOL (DEXTRO.-2 ,2’- 
(ETHYLENEDIIMINO)-DI-1-BUTANOL) 


In the course of screening randomly selected 
synthetic compounds, N, N’-diisopropylethylene- 
diamine was found to protect mice from an other- 
wise lethal infection with Mycobacterium tubercu- 
losis, strain H37Rv. Following this lead, numerous 
related compounds were synthesized without ap- 
preciable improvement in activity until hydroxyl 
functions were introduced. The most promising 
compound of this series was found to be the dextro 
isomer of 2,2’-(ethylenediimino)-di-l-butanol di- 
hydrochloride which has an efficacy index (toler- 
ance/potency) similar to that of isoniazid when 
administered orally and superior to that of strepto- 
mycin when given parenterally. This substance is 
an odorless white crystalline compound; it is heat 
stable and highly soluble in water. A communica- 
tion describing the synthesis and chemical charac- 
teristics of this compound is in press.’ 

The racemate of 2,2’-(ethylenediimino)-di-1- 
butanol dihydrochloride was evaluated in CF, 
adult female mice infected intravenously with the 
H37Rv strain. The compound was compared with 
isoniazid when administered orally (table 1) and 
with streptomycin when given parenterally (table 
2). Treatments with graded doses of drugs, using 
20 mice per treatment group, began on the day of 
infection and continued for fourteen consecutive 
days. Activity was based on the dose required to 
protect 50 per cent of the mice (ED) for sixty 
days after infection in tests in which all infected 
nontreated mice died within twenty-six days after 
infection. Evaluation data are summarized in 
table 3. 

The compound was administered orally to mice 
infected with a bovine strain of M. tuberculosis 
resistant to the maximal tolerated dose of isonia- 
zid, and subcutaneously to mice infected with a 
substrain of H37Rv fully resistant to streptomycin. 
These infections were lethal to 100 per cent 
(40/40) of the nontreated infected control mice 
within twenty days after infection. In each ex- 
periment, this compound was as effective against 
the resistant strains as against an H37Rv strain 
susceptible to both isoniazid and streptomycin. 

The new compound was administered at various 
dosage levels with isoniazid as well as para-amino- 
salicylic acid in the drug diet, and was combined 


*Wixinson, R. G., et al.: J Amer Chem Soc 
(in press). 


with streptomycin for subcutaneous administra- 
tion to infected mice. No evidence of drug an- 
tagonism was observed. 

The approximate median lethal single dose 
(LDw) of the racemate of 2,2’-(ethylenediimino)- 
di-1-butanol dihydrochloride in noninfected adult 
mice was found to be greater than 12,800 mg. per 
kg. when administered orally, 1,600 mg. per kg. 
subcutaneously, between 800 and 1,600 mg. per kg. 
intraperitoneally, and between 200 and 400 mg. 
per kg. intravenously. 

An agar diffusion microbiologic assay, based 
upon inhibition of M. smegmatis (ATCC 607), 
was developed and has been used to determine 
concentrations of ethambutol in serum and urine 
from mice, rats, dogs, and man. In mice receiving 
a single oral dose, a peak serum concentration was 
reached within one hour of ingestion. The com- 
pound was rapidly excreted. The peak concentra- 
tion attained with either the maximal tolerated 
oral tubing or subcutaneous dose was about 100 y 
per ml. The median effective dose (EDs) by oral 
tubing or subcutaneous injection gave peak con- 
centrations of about 3 y per ml. and 7 ¥ per ml., re- 
spectively. 

Studies in vitro have shown that concentrations 
of 1 to 4 of the racemate per ml. of liquid Sauton 
medium inhibited the growth of the H37Rv strain 
and isoniazid-resistant and streptomycin-resistant 
substrains. Similar concentrations inhibited the 
growth of the Brownell and Coffey strains* of My- 
cobacterium, as well as M. smegmatis, M. ranei, 
and M. phlei. The H37Rv strain has been trans- 
ferred through eight consecutive passages in the 
presence of graded concentrations of the new com- 
pound. To date, the inhibitory concentration has 
not increased significantly. The compound was ac- 
tive only against organisms of the genus Myco- 
bacterium. It was inactive in vivo and in vitro in 
tests with other bacteria, fungi, and viruses. 

Recent testing in vitro and in vivo of the ster- 
eoisomers of 2,2’-(ethylenediimino)-di-1-butanol 
has shown that the activity can be accounted for 


* The Coffey and Brownell strains, as well as the 
isoniazid-resistant and  streptomycin-resistant 
strains of M. tuberculosis, were obtained through 
the courtesy of Dr. William Steenken, Jr., Direc- 
tor of Trudeau Laboratory, Saranac Lake, New 
York. 


891 


4 
a 
7 

a 
7 
a 


892 NOTES 


TABLE 1 
Erricacy or THe Racemate or DIHYDROCHLORIDE AND 
Isontazip IN TUBERCULOUS Mice 


Alive/Total (Per Cent Survival) on @th Day post Infection 


Oral Tubing Treatment Drug Diet Treatment 


Daily Daily 
Racemate* Isoniazid Racemate Isoniazid 


6,400 18/20 (90)t 4,800 10/10 (100) 
3,200 20/20 (100) 2,400 20/20 (100) 
1,600 19/20 (95) 1,200 20/20 (100) 
800 20/20 (100) 600 20/20 (100) Toxic 
400 20/20 (100) 300 20/20 (100) 10/10 (100) 
200 20/20 (100) Toxic 150 17/20 (85) 10/10 (100) 
100 14/20 (70) 18/20 (90) 75 5/20 (25) 8/10 (S80) 
0/20 (0) 16/20 (80) 38 1/20 (5) 20/20 (100) 
25 20/20 (100) 19 18/20 (90) 
12 16/20 (80) 10 20/20 (100) 
6 20/20 (100) 5 19/20 (95) 
3 17/20 (85) 3 0/20 (0) 
1.5 16/20 (SO) 
0.8 3/20 (15) 


80/80 infected control mice died between the fourteenth and twenty-sixth days after infection with 
a mean survival time of seventeen days. 

* Racemate consists of 50 per cent ethambutol and 50 per cent inactive levo isomer. 

+ Figures in parentheses indicate per cent survival. 


TABLE 2 
PARENTERAL Erricacy OF THE RaceMATE OF DIHYDROCHLORIDE 
AND STREPTOMYCIN IN TUBERCULOUS MicE 


Alive/Total (Per Cent Survival) on 60th Day post Infection 


Dose Subcutaneous Treatment Intraperitoneal Treatment 


Racemate* Streptomycin Racemate Streptomycin 


mg./hg./day 
1,600 Toxic Toxic 

20/20 (100)* Toxie 18/20 (90) Toxic 
400 18/20 (90) 19/20 (95) 20/20 (100) 18/20 (90) 
200 19/20 (95) 15/20 (75) 20/20 (100) 17/20 (85) 
100 12/20 (60) 10/20 (50) 16/20 (80) 9/20 (45) 
5O 3/20 (15) 8/20 (40) 11/20 (55) 4/20 (20) 
25 3/20 (15) 4/20 (20) 3/20 (15) 0/20 (0) 
12 0/20 (0) 0/20 (0) 0/20 (0) 


80/80 infected control mice died between the fourteenth and twenty-sixth days after infection with 
mean survival time of seventeen days. 

* Racemate consists of 50 per cent ethambutol and 50 per cent inactive levo isomer. 

t Figures in parentheses indicate per cent survival. 


on the basis of the deztro isomer (ethambutol)* equally toxic to mice. As shown in table 4, the 
alone. The deztro, levo, and meso isomers are levo isomer is inactive at the maximal tolerated 
4 dose and the meso isomer is only one-sixteenth 


*Ethambutol is the generic name reserved for 
the dextrorotatory form of 2,2’-(ethylenediimino)- 
di-1-butanol by Lederle Laboratories Division of In summary: Dextro-2 ,2’-(ethylenediimino)-<i- 


the American Cyanamid Company. l-butanol is a new compound with activity im 


as active as the deztro form. 
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NOTES 


TABLE 3 


TOLERANCE AND Porency oF THE RacemaTe oF 
DIHYDROCHLORIDE, ISONIAZID, AND STREPTOMYCIN IN TUBERCULOUS MICE 


Oral Treatments Parenteral Treatments 
a? 
Oral Tubing Drug Diet | Subcutaneous Intraperitoneal 


Race- | Strepto- Race- Strepto- 


Racemate* Isoniazid Racemate Isoniazid mycin mycin 


Maximal tolerated dose (MTD) 6,400 100 4,800 300 
Median effective dose (ED50) 3.2 


Efficacy index (MTD/EDs5p) 50 


* Racemate consists of 50 per cent ethambutol and 50 per cent inactive levo isomer. 


TABLE 4 
EFrricacy OF THE STEREOISOMERS OF 2,2’ (ETHYLENEDIIMINO)-pI-1-BUTANOL 
DinYDROCHLORIDE IN TUBERCULOUS 
Alive/Total (Per Cent Survival) on 30th Day post Infection 
Subcutaneous Dose Stereoisomers 


Racemate Dextro* 


mg./kg./day 
1,600 Toxic Toxic 

S800 10/10 (100)t 5/5 (100) 

400 10/10 (100) 5/5 (100) 
200 10/10 (100) 10/10 (100) 

100 10/10 (100) 10/10 (100) 

BO 7/10 (70) 10/10 (100) 

25 1/10 (10) 7/10 (70) 

12 1/10 (10) 2/10 (20) 

6 0/10 (0) 0/10 (0) 


20/20 infected control mice died between the twelfth and twenty-second days after infection with 
mean survival time of seventeen days. 

* Ethambutol* 

t Figures in parentheses indicate per cent survival. 


vivo and in vitro against mycobacteria. It is ac- J. P. THomas* 

tive orally as well as parenterally, and it is active C. O. Baueun 

against strains of M. tuberculosis which are re- Experimental Therapeutics Research 

sistant to isoniazid and streptomycin. On an oral 

dosage basis, the efficacy (tolerance/potency) in- RR G. WiLKINSON 

dex of the new compound is similar to that of iso- R G. SHepHerRD 

niazid; parenterally it is superior to streptomycin. Organic Chemical Research 

The new drug is compatible in combinations with 

isoniazid, as well as with streptomycin. Ledeste 
Reports covering various phases of this work American Cyanemid Company 

Pearl River, New York 
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A good deal has been written about chronic 
bronchitis recently, especially in England, where 
bronchitis (or its complications) is a major cause 
of death and is one of the most important causes 
of incapacity for work. Use of bronchitis death 
rates for the purpose of comparing respiratory dis- 
ease patterns of various countries is apt to lead to 
the erroneous impression that bronchitis-like con- 
ditions cause few deaths in the United States. 

The purpose of this Note is twofold: first, to 
call attention to differences in terminology relat- 
ing to bronchitis, pulmonary emphysema, and 
asthma, and to the problem of interpretation of 
certain vital statistics that is created by these dif- 
ferences; second, to examine the mortality rates 
for these diseases in the United States and to raise 
some questions about recent changes in_ these 
rates. 

The meaning of “bronchitis” deaths: Bronchitis 
death rates are difficult to interpret for several 
reasons: (1) the category bronchitis in the Inter- 
national List of Causes of Death includes chronic 
bronchitis and acute bronchitis, two distinct en- 
tities; (2) certain terms (bronchitis among them) 
are more popular in some countries than in others; 
(3) definitive criteria for the clinical diagnosis of 
many diseases, including bronchitis, do not exist 
or are not uniform; and (4) the means of deter- 
mining and listing the cause of death may vary 
from one country to another. 

The figures in table 1, therefore, serve only as a 
crude guide for estimating deaths from a group of 
ill-defined chronic respiratory ailments which may 
or may not be called bronchitis. This group in- 
cludes chronic bronchitis, pulmonary emphysema, 
asthma, bronchiectasis, and other conditions as- 
sociated with pulmonary fibrosis. All share certain 
of the following characteristics: chronic or re- 
current cough, expectoration, abnormal breath- 
lessness, wheezing, recurrent pulmonary infections, 
and cardiac failure. 

Present concepts of bronchitis, emphysema, and 
asthma: Understanding of the epidemiology and 
pathogenesis of these diseases suffers because of a 
lack of uniform terminology which, as Fletcher 
has pointed out, stems chiefly from the subjective 
nature of many of the diagnostic criteria used in 
clinical medicine.’ 

The term chronic bronchitis has different conno- 
tations in various countries. In the United King- 


* Frercuer, C. M.: Amer Rev Resp Dis, 1959, 80, 
483. 
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dom it is a confidently diagnosed affection of the 
bronchi and bronchioles, with cough and expec- 
toration as its outstanding symptoms, and em- 
physema, bronchopneumonia, and cor pulmonale 
its chief complications.’ Chronic bronchitis by 
itself is rarely, if ever, a cause of death. In the 
past some have preferred to diagnose the condi- 
tion only in the presence of undue breathless- 
ness**; the opinion of many interested in epi- 
demiologic aspects of the disease is that the 
presence of breathlessness is not required for the 
diagnosis.“* Chronic bronchitis is defined as “a 
condition of subjects with chronic or recurrent ex- 
cessive mucous secretion in the bronchial tree,” 
the diagnostic criterion being chronic or recurrent 
cough with expectoration, not solely attributable 
to other conditions of the lungs.” The virtue of 
such a definition is that it focuses attention on 
early phases of the disease rather than on its com- 
plications. 

Chronic bronchitis, while receiving scant at- 
tention in American medical literature, is by no 
means uncommon in this country.”" In 1940, an 
estimated 1,700,000 persons were said to be subject 
to the condition.” Adequate descriptions of the dis- 
ease have made every physician familiar with the 
term, yet at the present time it is not a popular 
one and is looked upon as somewhat of a “waste- 
basket diagnosis.” Consequently, it often goes by 
other names, such as asthma, asthmatic bronchitis, 
emphysema, bronchiectasis, or “smoker’s cough.” 

What Amefican physicians generally call em- 
physema (or sometimes asthma) is closely akin 
to the syndrome referred to as “bronchitis with 
emphysema” or simply “chronic bronchitis” in the 
United Kingdom. Although the relationship be- 
tween chronic bronchitis and subsequent emphy- 


* Sruart-Haraets, C. H., ann Hantey, T.: Chronic 
Bronchitis, Emphysema and Cor Pulmonale, John 
Wright and Sons Ltd., Bristol, 1957. 

*Recent Trends in Chronic Bronchitis, edited 
by N. C. Oswald, Lloyd-Luke Ltd., London, 1958 

A. G. ann D. J.: Chronic 
Bronchitis in Newcastle-upon-Tyne, E. and §S 
Livingstone Ltd., Edinburgh, 1957. 

*Fiercner, C. M., et al.: Brit Med J, 1959, 2, 
257. 

* Frercner, C. M., et al.: Thorax, 1959, 14, 286. 

* Puiturs, R. W., et al.: Dis Chest, 1954, 26, 520 

*Pemperton, J.: AMA Arch Industr Health, 
1956, 13, 529. 

* Brirren, R. H., et al.: Public Health Rep, 1940, 
55, 444. 
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sema is accepted by many,’*”” it is by no means 
an invariable one." Not infrequently, persons with 
well-established emphysema present with dyspnea 
alone, later developing cough with expectoration, 
indicating that emphysema is not necessarily pre- 
ceded by overt bronchitis”*’“ Primary bronchi- 
olar or alveolar involvement may be important in 
these cases. 

Comparison of death rates helps point out the 
apparent difference in thinking between Americans 
and British on the subject of factors predisposing 
to emphysema. In the United States, for example, 
the ratio of deaths from 


“chronic bronchitis with emphysema” (502.0) 


“emphysema without 
mention of bronchitis” (527.1) 


is about 1 to 6, whereas for England and Wales 
this ratio is about 10 to 1.“ In other words, vital 
statistics suggest that the British nearly always as- 
sociate pulmonary emphysema with preceding or 
concomitant chronic bronchitis, whereas Americans 
rarely appear to. The explanation for this may be 
either that emphysema as seen in the United 
States is truly “idiopathic” and not preceded by 
bronchitis or that the American concept of emphy- 
sema includes within its framework what the 
British call bronchitis. It might be argued that 
the latter is really emphysema in the sense of a 
pathologic lesion, and, indeed, long-standing bron- 
chitis almost invariably shows some associated em- 
physema? Differentiation between bronchitis and 
emphysema at the clinical and physiologic level 
is often difficult and, of the two diseases, bronchitis 
can be diagnosed with much more certainty. 

In both countries the term emphysema is being 
used more often in recent years. In England and 
Wales the ratio (among men) of deaths from 


“chronic bronchitis with emphysema” (502.0) 
“other chronic bronchitis” (502.1) 


Gaensier, E. A., Linporen, I.: Amer Rev 
Resp Dis, 1959, 80 (Supplement, p. 185). 

“Mayer, E., ann Rappaport, I.: JAMA, 1957, 
165, 1227. 

" Dosett, H.: On Winter Cough, Catarrh, Bron- 


chitis, Emphysema and Asthma, J. and A. 
Churchill, London, 1875. 
Fow.er, J. K., anp R. J.: The Diseases 


of the Lungs, Longmans Green and Co., London, 


). H.: Postgrad Med J, 1958, 34, 184. 
“Numbers in parentheses are the classification 
numbers of the Seventh Revision of the Interna- 
tional List of Causes of Death, 1958. 
United States figures from the National Office 
of Vital Statistics. Figures for England and Wales 
from the General Register Office. 
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TABLE 1 


Acute, Curonic, UNQUALIFIED BroncuitTis 
Dears Rate Per 100,000, 1955 


Holland 
Australia 
France 
Norway 
Canada 
United States 


64.8 
40.6 
27.0 
21.6 
20.3 
13.1 


England and Wales 
Scotland 

Italy 

Belgium 

New Zealand 

West Germany 
Source: W.H.O. Epidemiological and Vital 
Statistics Report. 1958. 


has gone from about 1 to 2 to 1 to 1 in the past 
decade as a result of an increase in deaths attrib- 
uted to “chronic bronchitis with emphysema.” 
Likewise, the death rate for “emphysema without 
mention of bronchitis” has nearly doubled during 
the past ten years.” These latter figures might 
suggest that more cases of “idiopathic” emphysema 
are being seen in England recently. 

The slight attention paid to chronic bronchitis 
in this country as compared with that in England 
undoubtedly reflects quantitative differences in 
the disease on the two sides of the Atlantic—dif- 
ferences which may bear some relationship to cli- 
mate, air pollution, urbanization, and smoking 
habits in the two countries. 

Emphysema: Clinicians, physiologists, radiolo- 
gists, and pathologists are apt to define emphy- 
sema according to their own disciplines. The req- 
uisite symptom for the clinical diagnosis is 
exertional breathlessness not due to other heart or 
lung diseases; but this suffers from its lack of ob- 
jectiveness. The presence of emphysema (ana- 
tomic) can often be asserted with confidence on 
clinical grounds alone, but the correlation between 
clinical and physiologic data, on the one hand, 
and lung pathology, on the other, may be sur- 
prisingly poor.** In established cases the principal 
physiologic abnormalities include evidence of slow- 
ing of expiratory airflow, pulmonary hyperinfla- 
tion, impaired diffusing capacity for oxygen and 
carbon monoxide, and uneven ventilation-blood- 
flow relationship. Many agree that the term pul- 
monary emphysema would best be reserved for the 
description of a pathologic condition. At the 1958 
Ciba Guest Symposium, emphysema was defined 
as being characterized by “an increase beyond the 
normal in the size of air spaces distal to the ter- 
minal bronchiole, either from dilatation or from 
destruction of their walls’’; techniques that fix the 
lung in a state of physiologic distention are neces- 
sary for proper study of the lungs. 

A proposal has been made to substitute the 


* GeneraL Reotster Orrice: Personal communi- 
cation. 
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phrase “irreversible obstructive lung disease” for 
the term emphysema in clinical use, reserving em- 
physema for the lesion described by the patholo- 
gist. The word emphysema is so thoroughly a part 
of clinical medicine, however, that the success of 
such a proposal is to be doubted. If the clinician 
would emphasize that he uses the term emphysema 
to describe a certain clinico-physiologic syndrome, 
confusion would be avoided to an extent. 
Asthma: The term “asthma” has been 
through the ages to describe various conditions 
and still is more descriptive than definitive. Bron- 
chial asthma may occur at any age and refers to 
the “condition of subjects with widespread nar- 
rowing of the bronchial airways which changes its 
severity over short periods of time and is not due 
to cardiovascular disease.” The clinical features 
are episodic wheezing, dyspnea, cough and expec- 
toration, and demonstrable evidence of reversible 
airway obstruction and, at times, of allergy. Em- 
physema may be a complication. It is apparent 
that a number of chronic respiratory conditions 
can simulate asthma. For example, the very high 
death rate for asthma in Japan (156 per 
100,000 in 1957, a rate nearly four times that for 
the United States and England) undoubtedly is a 
reflection of the fact that many conditions, among 
them tuberculosis, bronchitis, bronchiectasis, em- 


used 


physema, and cardiac diseases, are likely to be 


diagnosed as asthma, especially in older persons.” 
In the United States the peak asthma case rate in 
adulthood is around age sixty-five,” and the age- 
specific death-rate pattern for asthma is essentially 
the same as for emphysema.” These figures sup- 
port the view that the term asthma is often used 
interchangeably with emphysema and/or chronic 
bronchitis. “Intermittent or reversible obstructive 
lung disease” has been suggested as a phrase de- 
scriptive of what is presently called asthma“ 
Bronchiectasis and pulmonary fibrosis: Deaths 
from bronchiectasis (526) and chronic interstitial 
pneumonia (525) occur chiefly in men past 
middle age. Symptoms of either condition may 
be similar to those of asthma, bronchitis, or 
emphysema. Bronchiectasis denotes a condition 
of dilation of bronchi demonstrable by the radi- 
ologist or pathologist; chronic interstitial pneu- 
monia, a diagnosis made by the pathologist, refers 
conditions such as pulmonary 
fibrosis or chronic inflammatory processes, any of 


to a variety of 
which may precede, accompany, or follow the de- 
velopment of bronchitis and/or emphysema 


Japanese Ministry or ann Wewrare 
Personal communication 


8. D., et al.: Public Health Mono- 


graph No. 25, Public Health Service Publication 
No. 390, 1955 
” Bower, G.: Unpublished data 
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Morbidity of bronchitis,. emphysema, and 
asthma: A number of epidemiologic studies in 
England have established the impressive incidence 
of chronic bronchitis, especially among industrial 
and laboring populations and in men past middle 
age”*** Studies of this sort are virtually non- 
existent in this country.”” 

In a review of six American health surveys 
(1928 to 1943), the most common illnesses were 
respiratory: coryza, bronchitis, and influenza.” The 
annual case rate for bronchitis was 103 per 1,000 
population, the annual disability™ case rate was 
51 per 1,000, and the average duration of disability 
seven and one-half days per case. In a sizeable 
fraction of cases a physician was not in attendance, 
casting doubt on the validity of the diagnosis. In a 
recent general practice study in England, the an- 
nual “patients’ consulting-rate” for bronchitis was 
61 per 1,000 population.”™ Bronchitis case rates in 
the United States do not show the striking pre- 
dominance in elderly men seen in Great Britain. 
Moreover, the duration of incapacity from spells 
of bronchitis in Great Britain (25 per cent of in- 
capacitating spells in 1951 lasted more than 
twenty-four days) weighs heavily in favor of the 
view that British bronchitis, alone or with its com- 
plications, is a more serious disease than that in 
the United States or that the term is used in this 
country to describe a benign condition such as a 
“cold” with cough and absence of a day or two 
from work, and one occurring in fewer persons al- 
ready subject to chronic bronchopulmonary dis- 
ease. 

The number of persons totally disabled by bron- 
chitis and emphysema in the United States is not 
known. In the National Health Survey of 1937 it 
was found that 42 persons per 100,000 population 
had been disabled for the preceding twelve months 
by asthma or other chronic nontuberculous respira- 
tory disease. This represented about 4 per cent of 
all disabilities recorded.” Data for 1957 relating to 
recipients of Aid to the Permanently and Totally 
Disabled (a rapidly expanding federal-state pro- 
gram with more than 300,000 persons, chiefly be- 
tween the ages of fifty and sixty-four, who received 
aid in 1958) indicate that the primary diagnosis 
was emphysema in 8 per cent and bronchitis in 


™"Oswatp, N. C., anp Mepver, V. C.: Lancet, 
1953, 2, 843. 

Hicerns, I. T. T., et al.: Brit 
904. 

"A disabling illness was one which prevented a 
person from carrying out his or her usual job or 
household duties for at least one day. 

*Locan, W. P. D., ann Cusnion, A. A.: Mor- 
bidity Statistics from General Practice: Studies on 
Medical and Population Subjects No. 14, General 
Register Office, London, H.M8.0., 1958 
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Fic. 1. Crude death rates for certain respiratory diseases in the United States, 1943-57. 
Sources: Vital Statistics of the United States. 


08 per cent.” Among men, emphysema ranked 
second to arteriosclerotic heart disease as a cause 
of disability. 

Estimates of the prevalence of asthma in the 
general population range up to 3 or 4 per cent.” In 
the National Health Survey of 1937 an estimated 
3,450,000 persons were said to have asthma.’ 

Recent trends in the United States: Within the 
past fifteen years “emphysema without mention 
of bronchitis” (527.1)" has shown a remarkable 
increase as a listed cause of death in this country. 
The trend is shown in figure 1; at the present 
time emphysema accounts for about 
deaths as does pulmonary tuberculosis. Of fur- 
ther interest is the fact that emphysema is often 


as many 


* Selected data on characteristics of applicants 
under the disability provisions of the old age, sur- 
vivors, and disability insurance program, January- 
December, 1957, U. 8. Department of Health, Edu- 
cation, and Welfare, 1958. 

*" Vauenan, W. T.: Practice of Allergy, C. V 
Mosby Co., St. Louis, 1954. 


listed on death certificates as a contributing put 
not immediate cause of death. The death rate for 
emphysema as well as asthma showed only small 
absolute changes between 1900 and 1940; the rate 
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Ace-Sreciric Deatn Rates ror Empuysema, 
Curonic Broncuitis, AND AstHmMa COMBINED 
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for chronic bronchitis, on the other hand, fell 
steadily. The cause of this fall is not altogether 
apparent. Changes in crude death rates between 
1943 and 1957 for certain respiratory diseases can 
be summed up as follows: the tuberculosis death 
rate dropped spectacularly; the rate for lung can- 
cer (primary and unspecified) increased; the rate 
for chronic bronchitis, emphysema, and asthma 
(combined) increased, and the rate for chronic 
interstitial pneumonia nearly paralleled that for 
emphysema. 


For practical purposes, deaths from chronic 
bronchitis, emphysema, and asthma can be lumped 
together. The rising death rate for these condi- 
tions combined is accounted for by the increasing 
numbers of deaths attributed to emphysema and 
asthma in persons past middle age. The age-spe- 
cific death rates in 1945, 1950, and 1955 for these 
conditions are shown in table 2.” A possible ex- 
planation for the changes observed is that physi- 
cians have more readily certified deaths as being 
from emphysema or asthma in recent years than 
in previous years, either because of more aware- 
ness of these diseases or more care in filling out 
death certificates. The factor ot better diagnosis 
would not appear to account for a very signifi- 
cant part of the increase during the past fifteen 
years, one reason being that the person dying of 
emphysema or asthma usually exhibits unmistak- 
able evidence of the disease. At any rate, if better 
diagnosis or more accurate certification are major 
factors in the changing death rate, the actual death 
rate for these diseases is probably even higher than 
present figures indicate. On the other hand, if the 
rising death rate for chronic bronchitis, emphy- 
sema, and asthma combined is genuine, potent en- 
vironmental factors must surely be involved in 
the genesis of such a change 


* Sources: Vital Statistics of the United States, 
1945; data from individual state departments of 
public health, 1950 and 1955; population estimates, 
U.8. Department of Commerce 


Accurate interpretation of the changes described 
is made difficult by the fact that the diseases 
under consideration have different meanings to var- 
ious people. Available data suggest that the prob- 
lem of obstructive lung disease is steadily grow- 
ing. Standardized terminology relating to this 
group of conditions is needed. Meaningful inter- 
pretation of changes in the death rates for these 
diseases can be made only when there is certainty 
that the definitions of the diseases are standardized 
and remain constant over a period of time. 

In summary: Standardized definitions for 
chronic bronchitis, pulmonary emphysema, and 
bronchial asthma do not exist. Emphasis in Great 
Britain is on chronic bronchitis as the initial dis- 
ease, with emphysema a complication. In the 
United States, emphysema is often considered a 
disease sui generis. Asthma is a term applied to a 
variety of conditions. 

Data from certain studies indicate that a large 
number of persons in the United States are sub- 
ject to obstructive lung diseases of various degrees 
of severity. The crude death rate in the United 
States for chronic bronchitis, emphysema, and 
asthma combined has shown a steady increase 
since 1948. Death rates for emphysema and asthma 
in persons past middle age have shown a consider- 
able increase between 1945, 1950, and 1955. 

The possibility that these diseases are causing 
more and more deaths (and disability) makes it 
important to have standardized terminology relat- 
ing to them, and points out the need for further 
epidemiologic studies in this field. 


Georce Bower™” 
Colorado Foundation for Research 
in Tuberculosis 


Denver, Colorado 
November 16, 1960 


"National Tuberculosis Association Fellow, 
1957-1960. 

™” Present address: Division of Pulmonary Dis- 
eases, Henry Ford Hospital, Detroit, Michigan. 
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INEFFECTIVENESS OF NICOTINAMIDE AND ISONIAZID IN THE 
TREATMENT OF PULMONARY TUBERCULOSIS’ 


Previously published data derived from exten- 
sive animal work have indicated that nicotinamide, 
a compound which is very closely related to the 
isoniazid-pyrazinamide group, has definite antitu- 
berculous activity. Chorine’ first demonstrated this 
in 1945, and since that time several reports have 
indicated the possible clinical usefulness of this 
compound. McKenzie and associates,® in screen- 
ing a large number of compounds for antitu- 
berculous activity, concluded that nicotinic acid 
and its amide were quite active and, in very large 
doses, were found to suppress the spread of tuber- 
culosis in experimentally infected mice. Also, in a 
brief report from Fust and Studer,‘ nicotinamide 
was found to exceed PAS, a thiosemicarbazone, 
and even streptomycin in antituberculous effec- 
tiveness in mice. In the writers’ laboratory,® it was 
demonstrated that nicotinamide was definitely ac- 
tive against strain H37Rv, in vitro, although less 
so than pyrazinamide. Moreover, in further stucties 
in mice using the microbial enumeration technique, 
it was found that nicotinamide alone had an anti- 
tuberculous effect that was comparable to that of 
streptomycin alone. Of even greater interest was 
the finding that nicotinamide antagonized the ac- 
tion of isoniazid in the early days of the experi- 
mental tuberculous infection, as did pyrazinamide. 

Obviously, it could not be determined a priori 
whether, in a clinical situation, nicotinamide plus 
isoniazid would follow the pattern seen in mice or, 
if it would (as does pyrazinamide) evidence initial 
isoniazid antagonism followed by enhancement of 
antituberculous effectiveness. Accordingly, a clini- 
cal trial of nicotinamide in conjunction with iso- 
niazid was undertaken and is reported herewith. 


Previously untreated patients with either moder- 
ately advanced or far advanced, uncomplicated, 


*This study was supported in part by grants 
from the Navajo Tribal Council; the Committee 
on Medical Research of the American Thoracic 
(formerly Trudeau) Society, medical section of the 
National Tuberculosis Association; and Research 
Grant E-635 from the Institute of Allergy and In- 
fectious Diseases of the National Institutes of 
Health, U.S. Public Health Service. 

*Cuortne, V.: C R Acad Sci (Par) 1945, 220, 
150. 

* McKenzie, B. §., 
33, 1249. 

‘ Fusr, B., anp Sruper, A.: Helv Med Acta, 1951, 
18, 449. 

* McDermott, W., ann Tompsetrt, R.: Amer Rev 
Tuberc, 1954, 70, 746. 


et al.: J Lab Clin Med, 1948, 


pulmonary tuberculosis were admitted to the study 
group. Of the 48 patients in the study, 32 were ad- 
mitted to The Fort Defiance Indian Hospital and 
16 to The New York Hospital-Cornell Medical 
Center. Fifteen of the original 48 patients were 
eliminated from the series before completion of 
the study: 4 patients who left the hospital against 
medical advice, 2 patients because it was decided 
that the type of disease did not meet the prede- 
termined criteria, and 9 patients because they had 
been in the study less than three months at the 
time of final evaluation. 

In the final combined series of 33 patients, 10 
were classified roentgenographically as having 
moderately advanced, and 23, far advanced disease. 
Cavitation was present at the start of therapy in 32 
of these 33 patients, and the diagnosis was con- 
firmed by bacteriologic studies. 

The chemotherapy regimen employed consisted 
of 5 mg. of isoniazid per kg. per day and 50 mg. 
of nicotinamide per kg. per day. 

The course of the disease was followed by daily 
clinical evaluation, monthly chest roentgenograms, 
and monthly sputum and/or gastric aspirations for 
culture of tubercle bacilli. 

The 33 patients available for final evaluation all 
received isoniazid-nicotinamide therapy for at least 
three months, and 15 patients received this drug 
pairing for a total of six months. 

The following results were recorded : 


Following three months of therapy, 11 patients 
(of the 33) had shown substantial roentgenographic 
improvement; 10 had shown slight improvement; 
8 no improvement; and the disease had definitely 
deteriorated in 4 patients. Three of the 4 patients 
whose disease showed progression at the three- 
month point regained at least their pretreatment 
status in the ensuing period; but, in one patient, it 
was necessary to change to conventional therapy 
because of considerable progression of disease at 
the end of six weeks. 

Ten of the 15 patients treated for a six-month 
period showed substantial roentgenographie im- 
provement; 3 showed slight improvement; and 2, 
no improvement. 

Cavity closure was achieved in 6 of the 32 pa- 
tients in whom cavities were originally demon- 
strated. This closure occurred at the three-month 
point in 3 patients and at the six-month point in 3 
patients. 

The sputum of 9 of the 33 patients in this series 
became negative for M. tuberculosis. Reversal of 
infectiousness had occurred by the three-month 
point in 4 patients and by the six-month point in 
5 patients. 
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For the most part, the clinical course was un- 
remarkable. One patient developed drug fever, 
which was attributed to isoniazid. This occurred 
very early in the course of therapy, and the pa- 
tient has not been included in the analysis since 
.e received the drug pairing for a very short period 
of time. As mentioned previously, in a second pa- 
tient the disease showed considerable progression 
at the end of six weeks of therapy, requiring change 
to conventional therapy. 

Toxicity attributable to nicotinamide was not 
observed in any of the patients treated 


During the course of this study it became in- 
creasingly apparent that this drug pairing, nico- 
tinamide-isoniazid, in the dosage employed did 
not produce satisfactory results. After sufficient 
time had elapsed to be sure that the poor results 
were not attributable to other causes, the treat- 
ment program was stopped. The antagonism of 
isoniazid by either pyrazinamide or nicotinamide 
observed in the mice® apparently has significance 
in man in the case of nicotinamide. 

In only 8 of the original 33 patients was a favor- 
able result obtained, i.e., patients whose treatment 
could be completed on isoniazid alone on an out- 
patient basis after cessation of the nicotinamide 
The remaining 25 patients, 8 of whom were classi- 
fied as having moderately advanced and 17 as hav- 
ing far advanced disease, required therapy in ad- 
dition to isoniazid after stopping nicotinamide 
Additional therapy was required in 22 of these 
patients because of persistence of open cavities 
with infectious sputum, in 2 because of the “open- 
negative” syndrome, and in one because of marked 
deterioration of the disease. This is in marked 
contrast to the results achieved by the present 


writers in similar clinical trials with isoniazid alone’ 


wherein 78 per cent of the patients showed sub- 
stantial improvement. 


"McCune, R. M., et al.: J Exp Med, 1956, 104, 
763 

* Jonpaut, C. W., et al.: Amer Rev Tuberc, 1958, 
77, 539 
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It is apparent that the combination of isoniazid 
with nicotinamide was distinctly inferior in com- 
parison with isoniazid alone, isoniazid-pyrazina- 
mide, or any of the commonly employed multiple- 
drug regimens. Moreover, the ability to inhibit 
isoniazid early in the treatment period, which is 
demonstrated by both nicotinamide and pyrazina- 
mide in the experimental model, appears to be 
much more complete and persistent in the case of 
nicotinamide. However, because of the inherent 
limitations of any clinical trial, it was not appropri- 
ate to continue the study in order to evaluate the 
degree of persistence of the nicotinamide inhibition 
of isoniazid. 

In summary: A group of 33 previously un- 
treated patients with moderately and far advanced 
pulmonary tuberculosis were treated with nicotin- 
amide and isoniazid for a minimal period of three 
months. After three months of therapy only 11 
patients had shown substantial roentgenographic 
improvement and 4 had already shown clinical de- 
terioration. At the six-month period, reversal of 
infectiousness had occurred in only 9 of the 33 
patients who received nicotinamide with isoniazid, 
compared with a 72 per cent incidence of reversal 
of infectiousness in a previous clinical trial with 
isoniazid alone. The total clinical results with 
isoniazid-nicotinamide were so poor that the study 
was terminated in the interest of the patients, and 
appropriate antituberculous drugs were added to 
isoniazid as indicated for each individual patient. 
It was concluded that, in the dosages used in this 
study, isoniazid and nicotinamide were contrain- 
dicated as an antituberculous chemotherapy. 
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MYCOBACTERIOPHAGE LYSATES AS SEROLOGIC ANTIGENS 


A wide variety of antigens has been employed 
in serologic tests for tuberculosis. These have in- 
eluded killed whole tubercie bacilli,»* Old Tuber- 
culin,** aqueous or solvent extracts of bacilli,** 
fractions of tubercle bacilli obtained by chemical 
fractionation,’’ and concentrated culture filtrates.*” 
The majority of these methods seem sufficiently 
drastic to destroy or modify antigenic activity.” 

The availability of mycobacteriophages capable 
of rapidly lysing masses of mammalian tubercle 
bacilli and other acid-fast mycobacteria” sug- 
gested a study of the use of such lysates as serologic 
antigens. This Note describes the results of a study 
comparing a phage lysate antigen (D29 antigen) 
with the culture filtrate antigen of Parlett and 
Youmans,” as employed in the gel double-diffusion 
test currently under study in this laboratory. 

The procedure reported is a modification of a 
technique described elsewhere." Approximately 2.0 
ml. of a 10-day-old Dubos Tween®-albumin fluid 
culture of Mycobacterium tuberculosis, strain 
H37Rv (OVH #797), and 2.0 ml. of phage D29 
(approximate titer, 10° particles per ml.) were 
pipetted into 180- to 240-ml. plastic screw-capped 
prescription bottles which contained a basal layer 
of 40 ml. of Bordet-Gengou agar base on the flat 
side of the bottle. The Bordet-Gengou agar base 
was supplemented with 0.5 per cent yeast extract 
and 1.0 per cent tryptone. The bottles were incu- 
bated for fifteen minutes to allow for the adsorp- 
tion of the phage to bacterial cells, after which 4.5 
ml. of semi-solid Bordet-Gengou agar, melted and 
cooled to approximately 50°C., were added to each 
bottle, quickly mixed with the phage-cell inoculum, 
and the bottle was placed on its side, allowing the 
semi-solid mixture to layer over the basal agar 


Bull Johns 


‘Carnes, W. H., ann Rarren, 8.: 
Hopkins Hosp, 1949, 85, 204. 

*Cnovucroun, N.: Amer Rev Tuberc, 1947, 56, 
203. 

* Mippcesrook, G.: J Clin Invest, 1950, 34, 1480. 

*Rornearp, et al.: Proc Soc Exp Biol Med, 
1950, 74, 72. 

* WapswortH, A.: J Immun, 1931, 27, 313. ‘ 

*Tuurston, J. R., et al.: Amer Rev Tuberc, 
1956, 76, 563. 

* Couttuarp, H. L.: J Path Bact, 1923, 26, 350. 

* WapswortnH, A.: J Immun, 1925, 10, 241. 

Partett, R. C., anp Youmans, G. P.: Amer Rev 
Tuberc, 1956, 73, 637. 

” Weiss, D. W.: Amer Rev Resp Dis, 1959, 80, 
676. 

"™ Froman, S., et al.: Amer J Public Health, 1954, 
1326. 

*® Froman, S., anp Bocen, E.: Bact Proc, 1955. 

* Partett, R. C., et al.: Amer Rev Tuberc, 1957, 
77, 462. 
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and solidify. A control containing bacterial cells 
without phage was prepared similarly. 

All bottles were incubated at 37°C. for five 
days, at which time the control showed growth, 
whereas the bottles containing phage were clear, 
indicating lysis of the inoculum. The phage 
lysate was harvested by adding 10 ml. of heart in- 
fusion broth supplemented with calcium ion (0.002 
M per ml.) to each bottle after first macerating the 
thin-solid agar layer with a sterile glass rod. Thirty 
minutes later, the fluid from each bottle was 
coarse-filtered through Whatman #43 filter paper, 
and then filtered through a Seitz filter. Lysates pre- 
pared in this manner were used in these experi- 
ments without further concentration. 

Dated Parlett-Youmans antigen was furnished 
by Parlett, and this concentrated antigen was 
used according to his directions. 

Serum specimens: One hundred and three serum 
specimens from patients newly admitted to the 
Olive View Hospital with a provisional diagnosis 
of tuberculosis were employed. These specimens 
from fasting and nonfasting patients were asepti- 
cally collected, refrigerated, and tested within two 
weeks after collection. 

Test methods: In general, the tests were per- 
formed as described by Parlett and Youmans” 
with some further modifications suggested by Par- 
lett” as follows: 

1. Instead of a 2:1 dilution of antigen, the 
following dilutions were employed: 3:1, 1:1, 
1:3, and 1:20. The unconcentrated D29 anti- 
gen and concentrated Parlett-Youmans antigen 
were accorded similar treatment in this series 
of experiments. Results were recorded as posi- 
tive when any evidence of banding was ob- 
served in the neutral agar layer. 

2. Final readings were made at forty-eight 
hours rather than at one week, any changes 
occurring after seven, fourteen, and twenty-one 
days being recorded for future analysis. 

To assure that the tests were being properly 
performed and results correctly interpreted, serum 
which had been examined in this laboratory and 
sets of gel double-diffusion tubes which had been 
recorded were submitted to Dr. Parlett, who cor- 
roborated the findings. 


Of 103 serum specimens examined, 47 (or 456 
per cent) were positive with both antigens, and 38 
(or 36.5 per cent) were negative with both antigens. 
However, an additional 10 (or 9.7 per cent) were 
positive with only the D29 antigen, and 8 (or 76 
per cent) were positive only with the Parlett- 
Youmans antigen. 


The primary purpose of these preliminary com- 
parative studies was to determine the possible 
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use of phage lysates as serologic antigens. No effort 
was made at this time to determine the specificity 
or sensitivity of the D29 antigen as compared with 
the Parlett-Youmans antigen. There is a high 
level of agreement (82 per cent) in the results ob- 
tained in comparison trials of unconcentrated D29 
antigen with concentrated Parlett-Youmans anti- 
gen. The comparability of the D29 antigen with the 
Parlett-Youmans antigen has been confirmed by 
Parlett."* In addition, phage lysate antigen was pre- 
pared in a fraction of the time required for the cul- 
ture filtrate antigen preparation as described by 
Parlett. More recent observations indicate that even 
more rapid detection of results and greater intensi- 
fication of precipitate bands could be obtained by 
using pervaporation-concentrated D29 antigen. 

As shown by Boyden and Sorkin” and Thurston 
and Steenken,” different antibodies in serum from 
tuberculous patients or animals may be detected 
by using antigens of various compositions. These 
observations may be further indicated by the 


“ Partett, R. C.: Personal communication. 
* Boyven, 8. U., anp Sorkin, E.: Symposium on 
Experimental Tuberculosis, Little, Brown and Co., 
1955, pp. 144-159. 
Tuurston, J. R., anv Steenxen, W., Amer 
Rev Resp Dis, 1960, 87, 695. 


finding that 17 per cent of the serum specimens 
examined gave positive results in gel double-dif- 
fusion tests with one or the other of the two anti- 
gens employed. Because of the encouraging results 
obtained in these preliminary experiments, it is 
intended to explore further the use of the D29 
antigen and other phage lysate antigens in the gel 
double-diffusion test and in other serologic tests 
for tuberculosis. 


Seymour Froman™ 
Max D. Lecutman 
Lors ScaMMOoN 
Olive View Hospital 
Olive View, California 
Drake W. Wit 
Dept. of Pathology 
School of Medicine, University of California 
Los Angeles, California 
Bertram R. EckMANN 
Riverside County General Hospital 
Riverside, California 


December 13, 1960 


* This study was made possible by a grant from 
the Riverside County and California Tuberculosis 
and Health Association. 
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The results of the pioneering tuberculin test 
studies of Palmer and Edwards and associates,” 
which have been confirmed recently by the results 
of tuberculin tests in college students by Sartwell 
and Dyke," in medical and dental students by 
Youmans and associates,” and in medical students 
by Smith,” have provided convincing evidence 
that a high proportion of the people in many areas 
of the United States have been infected naturally 
with microorganisms of at least one general group 
(Group IIT)" of unclassified (so-called “atypical”) 
mycobacteria. A very small proportion of the 
people so infected apparently will develop pul- 
monary disease resembling tuberculosis. The re- 
mainder may show a low degree of hypersensitivity 
to tuberculin prepared from cultures of Mycobac- 
terium tuberculosis and a higher degree of hy- 
persensitivity when tested with tuberculin pre- 
pared from one of the cultures of Group I] unclas- 


* Aided in part by research grant E-1636 from the 
Institute of Allergy and Infectious Diseases of the 
National Institutes of Health, U. 8S. Public Health 
Service; and in part by a research grant from the 
Tuberculosis Institute of Chicago and Cook 
County. 
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* Pater, C. E., anp Strance Petersen, O.: Public 
Health Rep, 1950, 64, 1. 

* Parmer, C. E., et al.: Public Health Rep, 1950, 
66,1111. 

* Parmer, C. E.: Amer Rev Tuberc, 1953, 68, 678 
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THE SIGNIFICANCE OF THE RESPONSE OF MICE TO IMMUNIZATION 
WITH VIABLE UNCLASSIFIED MYCOBACTERIA’ 


sified mycobacteria. There is reason to believe that 
natural infection with Group J unclassified myco- 
bacteria also may be widespread among human be- 
ings. The evidence for the occurrence of significant 
numbers of Groups II and IV unclassified myco- 
bacterial infections in humans is less convincing. 

This situation raises a question of great funda- 
mental importance. Do those persons who naturally 
acquire an inapparent infection due to unclassi- 
fied mycobacteria also develop an increased im- 
munity to infection with virulent human tubercle 
bacilli? If the answer to this question should be 
in the affirmative, the implications, especially in 
regard to the epidemiology and control of tuber- 
culosis, would be far reaching. 

An essential preliminary step in the search for 
an answer to the above question is to measure ex- 
perimentally in lower animals the immunogenicity 
of representative cultures of unclassified myco- 
bacteria. 

In this report, results will be given of preliminary 
studies which were designed to determine whether 
a measurable degree of acquired immunity to in- 
fection with virulent human tubercle bacilli could 
be produced in mice by injecting viable cells of 
several types of unclassified mycobacteria. 


Male mice of the CF; strain, weighing between 
18 and 22 gm., were injected intraperitoneally with 
different numbers of young viable cells of the 
strains of unclassified mycobacteria listed in table 
1. Twenty-eight days later these animals were 
challenged intravenously with 1.0 mg. of a culture 
of the H37Rv strain of M. tuberculosis. The time 
in days of death of each mouse from tuberculosis 
was recorded and the immunizing efficacy de- 
termined by noting the proportion of mice of each 
group which survived thirty days. Complete de- 
tails of this standardized immunity testing pro- 
cedure may be found in another publication from 
this laboratory.” 

At four and eight weeks after vaccination, 5 
vaccinated, but unchallenged, mice of each group 
were sacrificed and autopsied to detect any gross 
pathologie evidence of infection which might have 
been produced by the viable unclassified myco- 
bacteria used for vaccination. 

Before sacrifice the weight of each mouse was 
recorded. A normal rate of weight gain was main- 
tained by these vaccinated mice over the eight- 
week period. All of the mice were normal in ap- 
pearance and activity at the time of sacrifice. 


Autopsy revealed that all vaccinated mice had 


* Youmans, G. P., anp Youmans, A. S.: J Immun, 
1957, 78, 318. 
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TABLE 1 
Comparative IMMUNIZING PoTENCY OF 
UNCLASSIFIED MYCOBACTERIA FOR 
Mice or THe CF, STRain 


Num-| Num Per 
Amount es ber ber Cent 
Mycobacterial Strain In of of o 


jected | | D-30 | 
Mice | Mice*| Micet| Mice 


Photochromogent | 1.0 40 | 30 | 10 | 75.0 
(M.  kansasii) | 0.1 38 | 2 | 10 | 73.6 
(Group I) 0.01 39 | 26 | 13 | 66.6 

0.001) 19 5 14 | 26.3 


Scotochromogent | 1.0 19 5 | 14 | 26.0 
(Group 11) 0.1 20 2 18 | 10.0 
0.01 2; O 20 0.0 


Batteyt (Group | 1.0 38 | 14 | 24 | 36.8 
IT) | 0.1 39 19 20 | 48.7 
0.01 | 39 15 24 | 38.4 


Battey P-39§ 1.0 20 10 10 | 50.0 
(Group IIT) 0.1 2 11 9 | 55.0 
0.01 19 2 | 17 | 10.5 


M. avium§ (No. 2) | 1.0 20; 11; 9 | 55.0 


Rapid growert | 1.0 20; 0; B| 0.0 
(Group IV) 0.1 19 19 | 0.0 


Controls None 40 1 | 39 2.6 

* 8-30 = Survived 30 days 

+t D-30 = Died in less than 30 days 

t Received from Dr. William Lester, Suburban 
Cook County Tuberculosis Sanitarium and Hospi- 
tal, Hinsdale, Illinois. 

§ Received from Dr. Ernest H. Runyon, Vet- 
erans Administration Hospital, Salt Lake City, 
Utah. 


spleens about two to five times normal size. A 
few enlarged mesenteric lymph nodes (1-5 mm. in 
diameter) were noted in all vaccinated mice ex- 
cept those injected with the scotochromogen 
(Group II) and the rapid grower (Group IV). The 
enlarged mesenteric nodes were most numerous in 
the mice vaccinated with M. avium. No other 
gross evidence of infection was noted in any of 
the mice except in those vaccinated with M. kan- 
sasii (Group 1). In these animals numerous small 
typically tuberculous pulmonary lesions were pres- 
ent in 3 of the 5 animals killed four weeks after 
vaccination. At eight weeks, all of the 5 mice sacri- 
ficed had pulmonary lesions which were appreciably 
larger and more numerous than those noted at four 
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weeks. The pulmonary disease was minimal in 
nature, however, since these mice at the time of 
sacrifice had maintained their weight and showed 
no other evidence of illness. 

All other data have been entered in the table. 
Two experiments were performed at different 
times with Mycobacterium kansasii and the Bat- 
tey (Lester) strain but, since the results did not 
differ significantly, these data have been pooled. 

Even small doses of M. kansasii and of the two 
Battey strains induced a significant amount of ac- 
quired immunity to tuberculous infection. The ef- 
fectiveness of M. kansasii approached that ob- 
tained in similar tests using BCG vaccine.“ This 
pronounced immunogenicity may have been re- 
lated to the presence of pulmonary lesions in the 
mice vaccinated with this strain, a finding which 
suggests an appreciable degree of in vivo microbial 
multiplication and, therefore, perhaps a greater 
immunogenic stimulation. The immune response 
produced in the mice by the two Battey strains 
was of a lesser degree than that produced by M. 
kansasi, but was quantitatively similar to that 
which was obtained in this laboratory with the 
variant H37Ra strain,” and was equivalent to that 
produced by Mycobacterium avium. This last 
microorganism was included in these experiments 
because of the apparent close relationship of the 
avian strains to the Battey strains.” 

On the other hand, the scotochromogen culture 
was only slightly immunogenic, and the rapid 
grower was devoid of any immunizing capacity. 
This last finding confirms results obtained pre- 
viously with rapidly growing mycobacteria.” 

These results demonstrate that unclassified my- 
cobacteria of certain Groups I and J// will stimu- 
late the production in mice of a high degree of 
acquired immunity to subsequent infection with 
virulent human tubercle bacilli. These data do not, 
however, provide evidence for the immunogenicity 
of these microorganisms in human beings, but it 
does not appear unreasonable to accept, as a work- 
ing hypothesis, that an appreciable degree of im- 
munity would develop in persons naturally infected 
with these unclassified mycobacteria. This hy- 
pothesis also derives support from the fact that the 
only unclassified mycobacteria which produced a 
really significant degree of immunity in mice were 
those which have consistently been found to be 


“Runyon, E. H.: Tuberculosis Laboratory 
Methods, Veterans Administration, 1958, p. 14. 

” Bocen, E.: Quarterly Progress Report, Vet- 
erans-Administration-Armed Forces Study on the 
Chemotherapy of Tuberculosis, 1958, 53, 69. 

L. F., ann Cersénx, J.: Amer Rev 
Resp Dis, 1960, 87, 382. 
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concerned with inapparent infection and/or disease 
in man. 

If, as a result of natural infection, both the 
photochromogenic M. kansasii and the Battey un- 
classified mycobacteria do produce a high degree of 
immunity in raan to infection with M. tuberculosis, 
then it would follow that from 15 to 74 per cent of 
the people of the United States may be naturally 
immunized against tuberculosis by the time of 
early adulthood, since tuberculin testing surveys 
indicate that these proportions of Navy recruits, 
depending on the state from which they came, may 
be infected with the Battey microorganisms alone.” 

It should be kept in mind that natural active im- 
munization does not constitute a new concept. For 
many years it has been recognized that immunity, 
developed as a result of “inapparent” or “sub- 
clinical” infection, is probably responsible for much 
of the higher resistance of older groups of humans 
to such infectious diseases (among many others) 
as diphtheria, poliomyelitis, and endemic typhus; 
although in these instances the immunizing agent 
is believed to be the same infectious agent that 
causes the specific disease, rather than a different 
but closely related species. In this connection, in- 
apparent infection with M. tuberculosis itself fre- 
quently has been used as an explanation for the 
increased resistance which has been noted in certain 
human population groups. 

Direct evidence for the presence of a large non- 
specifically immunized human population in the 
United States because of inapparent infection with 
unclassified mycobacteria is completely lacking. It 
is to be hoped that data will be accumulated in the 
future which will indicate whether the incidence of 
tuberculosis is appreciably less in people naturally 
infected with unclassified mycobacteria than in 
persons not so infected. 

The very real possibility, however, that large 
numbers of naturally actively immunized people 
exist in the United States due to infection with un- 
classified mycobacteria raises the interesting ques- 
tion of what influence this situation may have had 
on the steady decline in incidence in tuberculosis 
which has been evident in this country ever since 
reasonably reliable morbidity rates have been 
available. The factors responsible for this per- 
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sistant decline in incidence of this disease in the 
United States have never been clearly understood. 
In a recent review entitled “The Arcana of Tuber- 
culosis,” Grigg™ again has pointed out that this 
steady decline apparently has been independent of 
the efforts mankind has spent on control of the 
disease. Grigg believes that the building up of a 
more resistant (immune) population over the years 
because of the elimination of susceptibles by the 
disease itself is the most important factor. The 
presence of a large, and possibly gradually in- 
creasing, nonspecifically immunized population be- 
cause of infection with unclassified mycobacteria 
might furnish an equally good or perhaps even 
better explanation. Ironically, if found to be true, 
this also would provide vindication for the princi- 
ple of control of tuberculosis through mass im- 
munization with viable, attenuated mycobacteria, 
a principle which has been rejected by the majority 
of medical opinion in this country for many years 

In summary: Mice of the CF, strain were vac- 
cinated with representative cultures of unclassified 
mycobacteria of Groups 1, 11, 111, and IV. A high 
degree of immunity to infection with Mycobac- 
terium tuberculosis developed only in those ani- 
mals vaccinated with Group I (M. kansasii) and 
Group lil (Battey) strains. 

In view of these results and of the apparent 
widespread occurrence of inapparent infection in 
human beings with these unclassified mycobacte- 
ria, it has been suggested that a large human popu- 
lation may exist in the United States nonspecifi- 
cally naturally immunized against infection with 
M. tuberculosis. The suggestion also has been 
made that this situation may have played a large 
role in the rapid decline in tuberculosis morbidity 
in this country. 
ivy P. Youmans 
Rosert C. Parvetr 
Anne 8. Youmans 

Microbiology Department 

Northwestern University Medical School 

Chicago, Illinois 
December 20, 1960 


= Gricc, E. R. N.: Amer Rev Tuberc, 1958, 78, 
151; 426; 583. 
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DETERIORATION OF ISONIAZID IN FROZEN SERUM 
SAMPLES: A CONFIRMATORY NOTE 


To the Editor of the American Review of Respira- 
tory Diseases: 


The recent publication by Poole and Meyer 
on the deterioration of isoniazid in frozen plasma 
samples’ prompts me to submit a confirmatory 
communication in order that this important ob- 
servation will receive its proper recognition. 

When performing isoniazid fall-off determina- 
tions, we attempted to facilitate laboratory sched- 
uling by freezing serum samples for periods of one 
to seven days. Using the Poole and Meyer 1-f, 
2,4-dinitro benzene method for the isoniazid fall- 
off procedure,” we soon observed that these frozen 
samples gave us values below the customary ones 
done on freshly drawn specimens. The data for 
2 subjects whose sera were measured immediately 
and compared with a second portion, frozen for 
one week and then measured, are given in table 1. 
Determinations were done in duplicate with good 
agreement. Blanks were frozen when indicated. 

A batch of pooled serum containing isoniazid 
was divided into several aliquots. Isoniazid de- 
terminations were done immediately, and twenty- 
four and seventy-two hours later, on frozen ali- 
quots. The values are given in table 2. Both tables 
show a considerable decline in drug concentrations. 
We therefore abandoned the practice of freezing 
samples and discarded these data. 

Isoniazid deterioration was found by Poole and 
Meyer to be accelerated in plasma when compared 
with aqueous and phosphate-buffered solutions. 
The isoniazid in the latter two media was stable 
below pH 7.0, but showed slight decomposition at 
pH 7.0, and significant decomposition at pH 8.0. 
Our blood samples have been found to reach a pH 
of 80-83 after standing several hours to allow 
clotting. Increased deterioration at high pH values 
was observed to occur in phosphate-buffered solu- 
tions by Winder and Denneny” They have 
thoroughly studied the auto-oxidation of isoniazid 
in solution and have concluded that Mn* or Cu* 
catalyze these reactions, depending partly on the 
buffer used. The reaction gives an approximately 
first-order decay constant which decreases with 


*Pooie, F., ann Meyer, A. E.: Proce Soc Exp 
Biol Med, 1960, 104, 560. 

* Jenne, J. W.: Amer Rev Resp Dis, 1960, 8/, 1. 

* Winper, F. G., anp Denneny, J. M.: Biochem J, 
1959, 73, 500. 
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time. This is compatible with the decay pattern 
noted by us and that observed by Poole and 
Meyer. Possibly here as well, cleavage to the acid 
catalyzed by trace metals in serum is responsible 
for this process. Reactions of isoniazid with other 
substances in serum must be quite common. We 
have recently observed spectrophotometrically that 
the drug reacts with thioglycolate in mildly alka- 
line media, in the presence of divalent cations, par- 
ticularly Cu**. 

The importance of these observations to the 
validity of bioassay or chemical determinations of 
isoniazid in serum samples subjected to any delay 
prior to their determination, even when main- 
tained in a frozen state, is obvious and reflects 
serious doubt on data compiled from samples sent 
from referring hospitals to a reference laboratory. 
The bioassay technique‘ could give an erroneous 
impression of isoniazid stability either through 
failure of the method to detect changes of this 
magnitude or because of the appearance of other 
substances toxic to the tubercle bacillus as isoniazid 
deteriorates. A closer look here seems indicated. 

The writer would also like to record one further 
observation. The effect of the Poole and Meyer 
method on hydrazones of serum isoniazid has not 
been described. A 10 y per ml. serum sample of the 
pyruvic hydrazone of isoniazid’ (referred to the 
hydrazide moiety) was measured by this method. 
In order to solubilize the hydrazone, it was nec- 
essary to dissolve it first in 0.1 M NasCO,. One 
milliliter of this was then added to 49 ml. of pooled 
serum. The final pH was 9.7. With the Poole and 
Meyer method these conditions resulted in a figure 
for free isoniazid corresponding to 44 per cent of 
that contained in the hydrazone. It is probable 
that the five-minute period of heating at 80°C. 
causes this much hydrolysis. 

This observation indicates that the Poole and 
Meyer method will measure some of the isoniazid 
hvdrazones, as well as the unchanged drug. The 
other major products have already been eliminated 
from consideration. The proportion of isoniazid 
present as hydrazones in serum during the 
metabolism of the drug has not been meas- 
ured, but it is probable that it is low, since 
they constitute only a small fraction of the 


‘Bett, J. C., anp Rremensniper, D. K.: Amer 
Rev Tuberc, 1957, 75, 992. 

* The hydrazone was tested at the suggestion of 
Dr. John H. Peters, Christ Hospital Institute of 
Medical Research, Cincinnati, Ohio, and provided 
by him. It had been found pure on assay. 
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TABLE 1 
Errect or Freezinc Serum Sampies OnE Week 
aT —20° C. on THE Isonrazip 
CONCENTRATION 
(Samples were obtained during the isoniazid 
fall-off procedure for half-life determination. ) 


Minutes following + Per Ml. of Isoniazid 
Injection of 5 Mg. per 
Ml. of Isoniazid 


Intravenously Immediate 


Seven Days Later 


30 
90 


TABLE 2 


Errect or SHort Periops or FREEZING SERUM 
on Isontazip CONCENTRATION IN 
PooLep Serum 


Immediate 
24 hours 
72 hours 


9.4 y per ml. 
5.8 y per ml. 
4.8 y per ml. 


total metabolites in urine” Furthermore, other 
methods currently used for serum isoniazid’* in- 
volve dilute acid which probably disturbs the 
acid-labile hydrazones. It is quite possible that 
bioassay measurements reflect these substances as 
well, perhaps due to subsequent hydrolysis of 
this compound. The use of the Poole and Meyer 
method in the intravenous fall-off procedure should 
be considered sufficiently accurate for the classi- 
fication of patient inactivation status. Its use in 
more precise metabolic studies, such as our studies 
of isoniazid renal clearance, may lead to more 
significant errors. 


Joun W. Jenne 
Pulmonary Disease Service 
Veterans Administration Hospital 
Minneapolis 17, Minnesota 


December 19, 1960 

*Huenes, H. B., et al.: Trans 14th Conf on 
Chemother Tubere, VA-Army, and Navy, 1955, 
p. 217. 

* Maner, J. R., et al.: Amer Rev Tuberc, 1957, 
76, 852. 

* Peters, J. H.: Amer Rev Resp Dis, 1960, 81, 
585. 

* Jenne, J. W., et al.: Trans 19th Conf on 
Chemother Tuberc, VA-Armed Forces, 1960, p. 34. 


EFFECT OF POTASSIUM PARA-AMINOBENZOATE IN 
SARCOIDOSIS* 


To the Editor of The American Review of Respira- 
tory Diseases: 


It is well known that spontaneous clinical 
improvement and complete clearing of roentgeno- 
graphic signs is a common occurrence in sarcoido- 
sis. In a minority, however, sarcoidosis is a pro- 
gressive and serious disease. Corticosteroid drugs 
have been helpful in ameliorating symptoms of 
sarcoidosis and have prevented serious damage 
to eyes, heart, and kidneys. These drugs have not 
been shown to be effective in preventing or re- 
versing established pulmonary fibrosis secondary 
to sarcoidosis. 

The successful use of potassium para-amino- 
benzoate in scleroderma and other diseases char- 
acterized by fibrosis reported by Zarafonetis, led 
to a trial of this agent in the treatment of the 
fibrosis due to sarcoidosis. Cohen, Lambert, and 
Molthan reported on the use of potassium para- 
aminobenzoate in fifteen patients with sarcoidosis? 
They indicated that cough, dyspnea, and malaise 
decreased in fourteen patients, while partial or 
complete clearing of roentgenographic abnormal- 
ities occurred in thirteen patients. 

Since spontaneous improvement is so frequent 
in subacute sarcoidosis, it appeared that a more 
rigorous test of the value of this agent would be a 
trial in patients with chronic sarcoidosis. Potas- 
sium para-aminobenzoate was administered to 22 
patients who had had their disease for two or more 
years. Twenty-one patients had previously been 
treated with adrenal steroids; 9 required constant 
maintenance therapy. The dose of potassium para- 
aminobenzoate was 12 grams daily given in four 
divided doses in capsules or as a powder dissolved 
in cold water. 

Of 22 patients started on therapy, 10 received 
medication for less than three months, 3 received 
medication for 4 to 6 months, and 9 patients were 


* The Sarcoid Clinic of Jefferson Medical College 
is supported by grants from the National Tuber- 
culosis Association, the Delaware Anti-Tuberculosis 
Society, and the Pennsylvania Trudeau Society. 

* Zanaronetis, C. J. D., Ann Intern Med, 1959, 
50, 346. 

*Conen, R. V., et al.: The use of “Potaba” in 
sarcoidosis, presented at annual meeting of the 
American Trudeau (now Thoracic) Society, Eastern 
Section, Boston, Massachusetts, 1958. 

*Generous supplies of potassium para-amino- 
benzoate in the form of Potaba were made avail- 
able by Mr. Michael Fuhrmann of Glenwood 
Laboratories, Inc., Bergenfield, New Jersey. 
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treated for a period of time exceeding 6 months. 
The average duration of treatment was 5.5 months 

Three patients showed subjective improvement, 
with decrease in cough and dyspnea. In 2 of these, 
no change was noted in roentgenographic find- 
ings while, in the third, progression of fibrosis oc- 
curred. Eight patients felt worse while taking the 
drug; in 2 of these patients, roentgenographic 
progression was noted while, in the other 6, the 
roentgenographic findings were unchanged. Eleven 
patients showed no change subjectively, nor were 
any changes noted on serial chest films. 

Seven patients stopped the drug because of 
Despite attempts at 


gastrointestinal symptoms. 


camouflaging the rather unpleasant metallic taste, 
most of the patients in this group tolerated the 
medication for less than three months 
tients the medication was discontinued because of 
progression of cough, dyspnea, and weight loss, 


In 9 pa- 


or worsening of skin lesions. When prednisolone 
was substituted, symptomatic relief was obtained 
in a majority of patients. Three of the 22 patients 
died during the stay from respiratory failure and 
chronic cor pulnaonale. 

Two patierts experienced marked hemoptysis 
after seven an’ eight months of treatment, re- 
spectively. A third patient who received the drug 
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for less than one month had a massive gastric 
hemorrhage requiring gastrectomy. Sections of 
the stomach showed sarcoid granulomas. It is prob- 
able that these complications were secondary to 
the extensive sarcoidosis rather than related to the 
use of potassium para-aminobenzoate. 

In summary: Twenty-two patients with chronic 
pulmonary sarcoidosis were treated with potassium 
para-aminobenzoate for an average duration of 
55 months. Three of the 22 patients experienced 
subjective improvement, while the remainder were 
unimproved or became worse. Chest roentgeno- 
grams were unchanged in 19 patients and showed 
progression in 3 patients. Gastrointestinal symp- 
toms caused cessation of therapy in 7 patients, and 
progression of symptoms of sarcoidosis required a 
change of treatment in 9 patients. It is concluded 
that potassium para-aminobenzoate is ineffective 
in the treatment of chronic pulmonary sarcoidosis. 


Maurice Sones 

Haroip L. 
Sarcoid Clinic 
Jefierson Medical College 
Philadelphia 7, Pennsylvania 


January 30, 1961 
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Heriras_e Disorpers or Connective Tissue. Sec- 
ond Edition. By Victor A. McKusick. Pp. 333, The 
C. V. Mosby Co., St. Louis, Missouri, 1960. Price, 
$12.00. 


Since the publication of the first edition of this 
book in 1956, the application of genetics to medi- 
cal problems has become increasingly fruitful in 
contributing to the understanding of many here- 
tofore obscure diseases. Furthermore, interest in 
connective tissue, as in the “collagen diseases,” has 
become more widespread as efforts are made to 
understand and explain the many disorders of 
which the pathogenesis is still unknown. Dr. Me- 
Kusick’s monograph contributes to both greater 
interest in and understanding of the conditions he 
describes as heritable disorders of connective tis- 
sue. Like the inborn errors of metabolism, their 
clinical manifestations are widespread and varied, 
and apparently inexplicable until the key is found; 
then they appear as logical consequences of a basic 
defect. 

As in the first edition, the two introductory 
chapters provide for the clinician background in- 
formation on the terminology and methods of 
modern medical genetics and on the biology of 
normal connective tissue. Subsequent chapters 
take up, in turn, the Marfan syndrome, the Eh- 
lers-Danlos syndrome, osteogenesis imperfecta, 
pseudoxanthoma elasticum, and the Hurler syn- 
drome. In each of these chapters a brief, interest- 
ing, historical survey precedes the presentation of 
the clinical manifestations, with individual case 
reports and pedigrees from both Dr. McKusick’s 
personal experience and the literature; pathology, 
discussion of the probable basic defect and its 
mode of inheritance, and an extensive bibliography 
are also included. The concluding chapter dis- 
cusses a variety of disorders which may prove to 
belong within this group of inherited conditions, 
and suggests lines for future investigation. 

Although the organization of the material is 
unchanged from the first edition, there have been 
extensive additions throughout in both text and 
illustrations. Pertinent new material has been in- 
corporated into each chapter, and the bibliog- 
raphies have been brought up to date. The num- 
ber of new references accumulated testifies to the 
active investigation going on in this field. New 
eases of each disorder have been added and il- 
lustrated, and the reports of many earlier cases 
have been extended. 

As well as these general additions, normal stand- 
ards are given for the upper segment—lower seg- 
ment ratio, as measured in 2,104 white and Negro 


Baltimore school children, to aid in the evalua- 
tion of the body proportions for diagnosis of the 
Marfan syndrome. Earlier standards are inaccurate 
for contemporary whites and had not been deter- 
mined for Negroes. The accumulation of larger 
numbers of carefully studied cases of the Hurler 
syndrome as well as recent experimental studies 
have made possible greater clarification of the 
probable basic defect. In the concluding chapter, 
seven case reports of fibrodysplasia ossificans pro- 
gressiva have been included. 

What makes this book remarkable is the inte- 
gration of the careful accumulation of clinical de- 
tail and family pedigrees with pathologic findings 
and results of experimental work on connective 
tissue so as to reveal a pattern of the basic defect 
and its inheritance. Such a pattern increases un- 
derstanding of these disorders and makes possible 
the detection of previously unrecognized, mildly 
affected individuals. Improved understanding also 
assists in the management and treatment of known 
cases and their prognoses, and provides the clini- 
cian with a basis for advising the families of pa- 
tients as to the possibility of future occurrence, Of 
greater importance is the addition to the present 
knowledge of connective tissue in general. 

The wide variety of clinical manifestations which 
occur in these conditions makes knowledge of these 
disorders valuable to physicians interested in all 
phases of medicine. By the excellence and clarity 
of his writing and by his superb illustrations, Dr. 
McKusick has added to the inherent interest of 
the material and has made his book a pleasure to 
read. He illustrates well the truth of his thesis 
that “clinical researches ...demonstrate that the 
clinician can take his place with the so-called ‘pure 
scientists’ in the group which is trying to fit to- 
gether the varishaped pieces of the intricate jig- 
saw puzzle that is connective tissue.” 


Mary Boon 
Stoney Rotusarp 
Department of Medicine 
New York Hospital-— 
Cornell Medical Center 
New York, New York 


Tue Human Lune. Edited by Heinrich von Hayek 
and translated by Vernon FE. Krahl. Pp. 372, Haf- 
ner Publishing Company, Inc. New York, 1960. 
Price, $13.50. 


The Human Lung represents a novel approach to 
the study of the anatomy and physiology of the 
lung. Although the book was first written by von 
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Hayek in 1953, there have been a number of re- 
visions since that time, including a small chapter 
on electron microscopy. 

The reviewer finds it easy to agree with Krahl 
that this well-documented book, which contains 
many of the author's own meticulous studies, 
should be made available in English-speaking 
countries. 

Each chapter in the book deals with a different 
component of the lung. Chapters on the thorax, 
trachea, and diaphragm are also included. Each of 
these subjects is dealt with from the point of view 
of physiology, gross anatomy, and histology. The 
text is basically one of anatomy and histology, 
since the author is an anatomist. The intertwining 
of physiology is based upon the basic knowledge 
of the anatomy of the lung. Von Hayek's work 
differs from the usual textbook of anatomy in his 
extensive use of references in the text as well as 
references to the different points of view expressed. 

The chapter on electron microscopy is particu- 
larly enlightening. The presence of a continuous 
alveolar epithelium and the discovery of bron- 
chiole-alveolar communications is demonstrated 
by this technique. The latter should prove to be 
of great significance to physiologists. The presence 
of a continuous alveolar epithelium is a point of 
great interest since this cannot be demonstrated 
by conventional techniques. 

The text is amply illustrated by gross photo- 
graphs, photomicrographs, and a number of draw- 
ings. The index is completely adequate. The table 
of contents is broken down into a large number of 
categories, which is of great assistance to the 
reader. Each chapter is subdivided by numerous 
titles. The bibliography, which is extensive, is ar- 
ranged by chronologic appearance in the text and 
then alphabetically. 

This generally well-edited book should find its 
way to the shelves of those interested in diseases 
of the lung. 


Oscar AUERBACH 

Laboratory Service 

Veterans Administration Hospital 
East Orange, New Jersey 


Das Rénrecenscnicutstt. By A. Gebauer, E. 
Muntean, E. Stutz, and H. Vieten. Pp. 454, Georg 
Thieme Verlag, Stuttgart (in U. S. and Canada, 
Intercontinental Medical Book Corp., New York), 


1959. Price, $35.25. 


This work will undoubtedly fill an important gap 
in the European literature on tomography. It has 
been compiled by four of the most outstanding 
German and Austrian roentgenography specialists, 
each of whom has contributed previously to the 


literature on problems of roentgenographic diagno- 
sis and therapy. The book is primarily designed for 
the advanced specialist who wishes to acquire fur- 
ther knowledge of the diagnostic possibilities of 
tomography. In an introductory chapter by Pro- 
fessor Vieten, the theoretic foundations of the 
various procedures are discussed. It must be em- 
phasized that this article is not written for the 
beginner but for the resident who is already fa- 
miliar with more than the basic facts of this topic. 
The clinical material, which has been accumulated 
by Professors Muntean, Gebauer, and Stutz, is 
divided into chapters according to the regions of 
the body. The details for each position are given 
and illustrated with pictures of excellent quality 
(a feature for which the books of the Georg 
Theime press are generally known). The chapter 
on the thorax compares anatomic whole body 
sections with roentgenograms taken in the same 
plane. The problem of structures which are recog- 
nized on the tomograms, but which lie anatomi- 
cally in a different plane, is discussed in detail. 
Well-selected case histories which help to focus 
the reader’s attention on the essentials of the di- 
agnostic problem before him are a great advantage 
of the clinical part of the book. Indications and 
contraindications of the tomogram are discussed 
for every single position, and an extensive, up-to- 
date bibliography is given. 

The American reader who has within reach 
numerous excellent standard texts on tomography 
in English will still derive benefit from consulting 
the present work for special questions. 


Drernetm Boume 
Department of Pathology 
New York Hospital— 
Cornell Medical Center 
New York, New York 


Necroes aNnp Mepictne. By Dietrich C. Reitzes. 
Pp. 400, Harvard University Press, Cambridge, 
Massachusetts, 1958. Price, $7.00. 


This monograph describes medical education for 
Negroes and patterns of medical care given to 
Negroes and rendered by Negro physicians in four- 
teen selected communities in the United States. 
The subject is obviously a timely one. The mono- 
graph is extremely well written. There are excel- 
lent statistical studies presented in ‘tabular form 
which make for quick and ready comprehension. 
Since World War II, the limitation of Negro 
medical students has not been the result of dis- 
criminatory admission policies in medical schools 
nor limitation of physical facilities of the two 
Negro medical schools to train an increasing num- 
ber of students. The limitation of students is a 
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result of inadequate preparation for medical 
school, inadequate financial support during the 
medical school period, and inadequate compen- 
sation both emotionally and financially for the 
Negro who pursues this prolonged educational 
course. 

The actual number of Negro students in medical 
schools with predominantly white student enroll- 
ments has increased from 93 students in 20 schools 
in 1947 to 236 students in 48 schools in 1956. In 
general, applicants to medical schools from col- 
leges exclusively for Negroes and applicants to the 
two Negro medical schools have lower medical col- 
lege admission test scores than do all applicants to 
medical schools. It is thought that these differences 
are due to cultural factors. Statistics show, how- 
ever, that qualified Negroes desiring to go into 
medicine are not being accepted. The author sug- 
gests that this probably reflects poor counseling 
for the Negro applicants with regard to proper se- 
lection of schools. The author considers financial 
aspects of the problem and concludes that, al- 
though Negro medical students receive a greater 
proportion of assistance from their families than 
any other Negro student group, the general eco- 
nomic base of Negroes as a group is much lower 
than that of white persons. One would wish for 
better documentation of this aspect of the prob- 
lem. 

The opportunity for postgraduate medical edu- 
eation is great for the young Negro physician to- 
day. In the 10-year-period from 1947 to 1956, the 
number of predominantly white hospitals which 
had graduates from Howard and Meharry medical 
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schools rose from 8 to 46, an increase of 500 per 
cent. The shortage of Negro physicians remains 
acute. Negroes comprised 10 per cent of the total 
population in 1950, but Negro physicians consti- 
tuted only 22 per cent of all physicians despite 
the increase in the absolute number of Negro 
physicians in the decade 1940 to 1950. 

The major portion of this book describes pat- 
terns of medical care given to Negroes and pro- 
vided by Negro physicians. Fourteen communities 
in all sections of the country were studied. The 
factors regarding integration in medicine were: 

(1) The presence of predominantly Negro hos- 

pitais; (2) the presence of influential groups ac- 
tively interested in integration; (3) the existence 
of opportunities for Negro physicians to estab- 
lish professional contacts with influential white 
physicians; (4) the strategy used by Negro phy- 
sicians in obtaining hospital appointments; (4) 
the supply of well-qualified and well-trained Ne- 
gro physicians; (4) the professional relationships 
between Negro physicians, with particular em- 
phasis upon referrals; (7) the general patterns of 
race relations in each community. 

This book will be of value to the medical edu- 
cator, the hospital administrator, the administra- 
tive officers of all medical organizations, and to all 
physicians who (if the reviewer may be permitted 
to editorialize!) are anxious and desirous to help 
integrate the Negro into all aspects of our society. 


Joun Harvey 
The Johns Hopkins Hospital 
Baltimore, Maryland 
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Neoptastic Disease at Various Srres. Introduc- 
tory Volume. A Clinical Prospect of the Cancer 
Problem. Edited by D. W. Smithers. Pp. 232, 
E. & 8S. Livingstone Ltd., Edinburgh and Lon- 
don (The Williams & Wilkins Co., Baltimore, 
Maryland, US. agents), 1960. Price, $8.50. 


MEASUREMENT IN NucLEAR MEDICINE. 
By Frank H. Low. Pp. 67, Picker X-ray Corpo- 
ration, New York, 1960. Price, $2.50. 


ResprraTion: Puysiovocic Principtes anp THEIR 
Curicat Appiications. Edited by Peter C. Luch- 
singer and Kenneth M. Moser. Pp. 505, The 
C. V. Mosby Company, St. Louis, 1960. Price, 
$15.75. 


Recunation or THe Inorcanic Ion ConTent oF 
Ceits: Ciba Foundation Study Group No. 5. 
Edited by G. E. W. Wolstenholme and Cecilia 
M. O'Connor. Pp. 100, Little, Brown and Com- 
pany, Boston, 1960. 


Siricosts anp PNEUMOCONIOSES IN SWEDEN. 
B. Axel Ahlmark, Torsten Bruce, and Ake Ny- 
strém. Pp. 399 plus Appendix, Svenska Bokfér- 
laget, Norstedts, Stockholm, 1960. 


Sureica, Diseases or THE Cuest. Edited by Brian 
Blades. Pp. 580, The C. V. Mosby Company, 
St. Louis, 1961. Price, $22.00. 


Tue Yearsook or Dauc Tuerary. 1960-1961 Series. 
Edited by Harry Beckman. Pp. 587, The Year 
Book Publishers, Inc., Chicago, 1961. Price, $8.50. 
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American Thoracic Society 


Medical Section of the National Tuberculosis Association 


Tuberculin Test for Surveys 
A Statement of the Committee on Diagnostic Skin Testing 


Tubereculin surveys of school populations and other comparable groups are laborious 
and expensive and should be planned to yield the maximal amount of useful information. 
The best standardized tuberculin is PPD, and the best method of administration is the 
intracutaneous or Mantoux method. A dose of 0.0001 mg (5 TU) should be administered, 
and the reaction recorded in millimeters after forty-eight to seventy-two hours. Quantita- 
tive data collected in this manner make possible accurate comparisons of the tuberculous 
infection rate in different grades, at various ages, and in different states. This also makes 
possible accurate measurements of the tuberculin rate in the same school year after year. 
The quantitative readings identify, by their larger reactions, those individuals and their 
contacts who are more likely to have or to develop active disease. 

The Committee is well aware of the search for a simpler, more convenient method of 
administering the tuberculin test. In the opinion of the Committee, the first requirement is 
adequate scientific proof that the frequency of the reactions produced by other methods 
approximates that produced by the 5-TU Mantoux test. Moreover, the same persons should 
be identified as reactors or nonreactors by both tests. Such comparable data are not now 
available for any of the presently proposed tests. The information available indicates that 
multiple-puncture methods, such as the Heaf test, are essentially strong~lose tests, and 
there is no scientific evidence that adjustments can be made by dilution to give results 
comparable to the 5-TU Mantoux test. Until such evidence is presented, the Committee 
does not recommend the use of the patch or multiple-puncture tests for survey purposes. 


Rosert J. ATWELL 

Epwarps 

Rena W. Harris 

Juurus B. Novak 

Daviw T. 

Samvuet C. Stern 

L. Furcotow, Chairman 
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AMERICAN THORACIC SOCIETY 


NOTICES 


The following dates and locations of the next three annual meetings of the National 
Tuberculosis Association and the American Thoracic Society have been selected and 
approved: 

1962—Miami Beach, Florida—May 20-24 
1963—Denver, Colorado—May 12-16 
1964—New York, New York—May 24-28. 


SUBSPECIALTY BOARD FOR PULMONARY DISEASE 
Qualifications of Candidates for Certification 


The Committee on Medical Education calls to the attention of the members of the 
American Thoracic Society the changes which have been made in requirements for certi- 
fication in the subspecialty of pulmonary disease and in the approval of listing of hospitals 
for training in all of the subspecialties of internal medicine. They believe that a clear 
understanding of this information obtained from the American Board of Internal Medicine 
and the American Medical Association is important to all who may be concerned. 

Prerequisite: The applicant must previously have been certified by the American Board 
of Internal Medicine. Three years must have elapsed following such certification before 
he is eligible to apply for admission to the Subspecialty Board exarnination. 

Training: The candidate should have devoted at least one full year to postgraduate 
education in a tuberculosis hospital or a general hospital with facilities for the care of 
tuberculosis, and at least another year in the practice of internal medicine with pulmonary 
disease as a major element of such practice. 

Before admission to the certifying examination in pulmonary diseases, a candidate 
must possess certain specialized knowledge and must have acquired particular skills which 
would entitle him to be consulted as an expert in this specialty. This includes a thorough 
and intimate knowledge of the normal and pathologic anatomy and physiology of the 
pulmonary system; skill in history taking and physical examination; proficiency in the 
interpretation of pulmonary function tests and the roentgenographic diagnosis of thoracic 
conditions; and familiarity with special procedures and techniques used in the study of 
pulmonary diseases. 

Above all, the candidate must be able to assimilate the information obtained from all 
of these sources in a manner which will lead logically to correct diagnosis. He must also 
have a thorough knowledge of the pharmacologic and therapeutic application of drugs used 
in the treatment of pulmonary diseases, and an intelligent comprehension of the place for 
and indications for other forms of treatment, especially surgery. 

References: The candidate should give as references the names of physicians who are 
familiar with his training and experience in the field of pulmonary disease to the degree 
that they are able to offer a valid appraisal of his qualifications as a specialist, based on 
the requirements listed above. The application must be approved by all members of the 
Subspecialty Board in Pulmonary Diseases. 


ANNOUNCEMENT ON DISCONTINUING APPROVAL OF HOSPITALS FOR RESIDENCY 
IN INTERNAL MEDICINE SUBSPECIALTIES 
(Excerpted from the Journal of the American Medical Association, October 8, 1960) 


Page 817: 

At the request of the American Board of Internal Medicine, the Council on Medical 
Education and Hospitals has agreed to discontinue approving residency training programs 
in the four subspecialties of internal medicine. The corresponding subspecialty boards are 
not discontinuing certification in these subspecialties, however, and the requirements for 
subspecialty certification will be found published in detail in the appropriate section of 
this issue. Note that candidates are not eligible for admission to examination in a sub- 
specialty until three years after certification in internal medicine. New applications for 
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AMERICAN THORACIC SOCIETY 


approval of residency training programs in the subspecialties will no longer be accepted. 
Currently approved residency programs in the subspecialties may affiliate with general 
medical residencies* provided they wish to have their training programs identified in that 
manner. 


Page 818: Changes in Listing Approved Residency Programs: 


Subspecialties of Internal Medicine—The lists of approved programs in the medical 
specialties of allergy, cardiovascular diseases, gastroenterology, and pulmonary diseases 
carry the captions that the programs listed are approved until June 30, 1961. They will not 
be listed in future directories. The Board considers that candidates for subspecialty train- 
ing are sufficiently mature to select their own types and locations for such training and 
expects that candidates and institutions can plan the kinds of programs needed after study 
of the requirements for qualification of candidates published elsewhere in this issue. Fur- 
ther advice regarding subspecialty training must be secured by correspondence with the 
Secretary of the American Board of Internal Medicine. 


* By this is meant affiliation with a service in a hospital approved for internal medicine. 
The program for training in the subspecialty is to be accepted by the chief of service in 
Internal Medicine of that hospital. Suitable indication of approval for residency training in 
pulmonary diseases will be made in the JAMA listing of such hospitals under Internal Medi- 
cine. 
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what a Kodak Cavalcade Projector will do! 


Here is a new, exciting way to reach 
people—large groups or small. 

To begin with, the Kodak Caval- 
cade Projector, Model 510, changes 
slides by itself—shows them for 4-, 
8-, or 16-second intervals automat- 
ically. Or—you have your choice 
of 3 semiautomatic changes: push 
button, forward and reverse wheel, 
or remote control. You get big, 
needle-sharp pictures, too... Kodak 
Ektanon Lenses assure that. And 
slides are air treated .. . “pop-proof.” 
Unit is compact—weighs less than 
20 pounds. Motor is prelubricated 
for life. Price, less than $140. 


Price is subject to change without notice. 


Hemangioma skull bone 


Carcinoma of bronchus 


For further information, see your Kodak photographic dealer, or write: 
EASTMAN KODAK COMPANY, Medical Division, Rochester 4, N.Y. 
Serving medical progress through Photography and Radwgraphy 
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LABELS 


FOR THE OFFICE 


For more than 25 years Powers has been 
relieving TB case-finding projects of all tech- 
nical problems. Our technicians work to your 
schedule with units that can handle as many 
as 200 chest x-rays per hour. We deliver fully 
processed x-rays, with a viewer, to sponsor's 
roentgenologist. Long experience and large 
volume make Powers X-ray Service both 
economical and efficient. 


Available in either full size roll paper method 
or 70 mm photofluorographic method. Write 
before you plan a TB case finding project. 


ECONOMICAL 
X-RAY 
PAPER 


You can have high quality radiographs at less 
than half the usual cost with Powers X-ray 
Paper. Used by leading hospitals for over 16 
years. Powers X-ray Paper is available in 
standard sheet sizes, or perforated rolls for 
use with the Powers Magazine Cassette. 
Write for complete information. 


POWERS X-RAY PRODUCTS, INC. 


Glen Cove, Long Island, N.Y. 


@ Roll labels 
@ Fanfold labels 


@ Red-bordered labels 
@ Parcel Post labels 
@ Caution labels @ Mailing labels 

©@ Shipping labels @ Air Mail 


See your stationer for Eureka stock labels. For your 
special requirements, please write. . . 


SCRANTON 1, x 


_ REVIEW SUPPLEMENTS AVAILABLE 


SYMPOSIUM ON EMPHYSEMA 

AND THE “CHRONIC 

BRONCHITIS” SYNDROME 

Aspen, Colorado, June 13, 14, 15, 1958 

A symposium covering the major aspects of 

tuberculosis including emphysema and the 

“chronic bronchitis’? syndrome. 

213 PAGES, PAPER COVER $2.00 

INTERNATIONAL SYMPOSIUM OF 

THE DEBORAH SANATORIUM 

AND HOSPITAL 

Philadelphia, Pennsylvania, November 20, 21, 
22, 1958 

A comprehensive compilation of present- 


| day thinking on: chemoprophylaxis of tu- 


berculosis, tuberculosis case finding, surgi- 
eal aspects of the treatment of pulmonary 
tuberculosis, and hospital and home care. 
139 PAGES, PAPER COVER $2.00 
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The Behavior of 


Pulmonary Tuberculous Lesions 
by E. M. MEDLAR, M.D. 


43 illustrations in color 


In this monograph, published originally as a supplement to the March 
issue of The American Review of Tuberculosis and Pulmonary 
Diseases, now known as the American Review of Respiratory Dis- 
eases, the author has brought together in these eleven comprehensive 
sections the results of a lifetime of observation and interpretation. 


I. STATEMENT OF THE PROBLEM. 
. Tae Experimenta APPROACH. 


. Necropsy Srupies or Human PutMonary TUBERCULOSIS. 


. Prectminary Discussion or Resecrep SPECIMENS. 


. Bexavior or THE PARENCHYMAL TUBERCULOUS LESION. 
. ASrupy or Resecrep Minima Tusercu.osis. 
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. TUBERCULOSIS AND BRONCHIBECTASIS. 
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. Re-EXaMINATION OF THE PROBLEM. 


. Postscript. 
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for the prothrombin determinations you prefer, 
you can always depend on 


DIFCO REAGENTS 


1-STAGE TECHNIQUE of QUICK and LINK-SHAPIRO 


BACTO-THROMBOPLASTIN, used according to the method of Quick, has 
demonstrated its accuracy and reliability for more than 16 years. Each box of six 
ampules is sufficient for 210 Quick determinations or 420 Link-Shapiro determi- 
nations. 

BACTO-THROMBOPLASTIN is a stabilized, desiccated rabbit brain substance 
of high thromboplastin potency. It is used in all prothrombin time procedures with 
whole or diluted plasma. It is stable in either dry form or frozen extract. 


2-STAGE CONCENTRATION TECHNIQUE of WARE and SEEGERS 


BACTO-PROTHROMBIN 2-STAGE REAGENT is a standardized, stabilized 
reaction mixture for use in the Ware and Seegers procedure for quantitative deter- 
mination of prothrombin concentration. Bacto-AC Globulin Serum is 

use in this procedure. 


Descriptive literature gladly sent upon request. 
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DETROIT 1, MICHIGAN 


EMERSON 
CHEST RESPIRATOR 
to make endoscopies safe when 


general anesthesia is needed 


Full ventilation may be maintained by this simple shell-and-wrap arrangement. 
Children or anx- 
ious elderly pa- 
tients can be 
treated without 
haste, if ventila- 
tion is assured. 
Comfortable and 
far more effec- 
tive than a cui- 
rass. Useful also 
to support chests 
that are crushed. 


Please request 


Form CRC 
J. H. EMERSON CO., CAMBRIDGE 40, MASSACHUSETTS 
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"CONNAUGHT used for the STERNEEDLE 
test. Available in} ce viols (sufficient for os 
many os 200 tests). 


plastic applicator. Remove applicator. 


Top, right...Piace a drop of tuberculin PPD on 
forearm. 


cleansed 


Bottom, left...Place gun on drop of tuberculin 
PPD. Pressure and release of handle automati- 


pe triggers and retracts the needles. 


Bottom, right: Disposable needle cartridges and 
applicators may be washed and sterilized for 


reuse, if desired. 


Note: CONCENTRATED TUBERCULIN PPD™.. 


Procedure for STERNEEDLE TUBERCULIN TEST: 
Top, left...Slip needle cartridge on gun with 


SIMPLIFIES TUBERCULIN TESTING 
STERNEEDLE’ GUN 


The Automatic TB Case-Finding Device 
for the Heaf TUBERCULIN TEST 
The STERNEEDLE gun is an improved multiple puncture 
apparatus for rapid intradermal tuberculin testing. Based on 
the Heaf principle of multiple puncture, six needles 
contained within the STERNEEDLE cartridge mechanically 
and painlessly penetrate the skin through a previously 
applied film of concentrated PPD. Needle puncture and 
withdrawal is automatic. 
ADVANTAGES... 
® Four (4) times faster than Mantoux. 
® Faster and more reliable than Patch test. 
® Performs up to 400 tests per hour. 
® Detects reactors to 5 TU Mantoux and some 100 TU reactors. 
® No dressing required. 
® Accurate interpretation, without measurement. 
Averages 250 readings per hour. 
® Each test is uniform—puncture of 1 mm. depth 
and needle withdrawal is automatic. 
® No special skill required. 
® Painless. Ideal for testing children. 
® Eliminates hazardous and uncertain flame sterilization. 
® Disposable needle cartridges ELIMINATE CROSS-INFECTION. 
® Low cost STERNEEDLE cartridges may be resterilized. 


| Write for literature. Personal demonstration may be 4 
“Trademark. Pat. Pend. 
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